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Abstract  
Mothers experiencing symptoms of stress and distress are more likely to have children 
who exhibit behavioural problems, and there are a multitude of processes by which this 
vulnerability may be conferred.  A number of environmental mechanisms may explain this 
intergenerational transmission of risk, including an impact of a mother’s emotional state on the 
conditions of the prenatal and postnatal environment; however, disentangling these effects from 
genetic heritability and residual confounding constitutes a major methodological challenge.  A 
natural disaster represents a natural experiment, enabling the investigation of the unique effects 
of an independent prenatal stressor on child development, whilst minimising the likelihood of 
these alternative explanations.   
This thesis investigates the prenatal and postnatal processes associated with individual 
differences in young children’s behavioural problems following maternal exposure to a severe 
flooding event during pregnancy.  Specifically, it examines the direct effects of exposure to 
flood-related objective hardship and maternal posttraumatic stress symptoms for infant social-
emotional competence and behavioural problems at 16 months, as well as testing prenatal and 
postnatal pathways linking flood exposure to internalising and externalising behavioural 
problems at 30 months.  A component of maternal caregiving, maternal mind-mindedness, is 
tested for its potential to moderate the direct prenatal or indirect postnatal effects of flood 
exposure during pregnancy on child outcomes.  Finally, the predictors of individual differences 
in maternal mind-mindedness are investigated, including maternal stress during pregnancy, 
concurrent mental health, and attachment style. 
Mothers (N = 230) pregnant in January 2011, during the floods in Queensland, Australia, 
completed measures of their flood-related objective hardship and posttraumatic stress symptoms, 
as well as their adult attachment style.  At 16 months, mothers and infants attended a laboratory 
visit where they engaged in a joint play interaction.  Mothers completed measures of depression 
and anxiety symptoms and their infant’s social-emotional and behavioural problems and 
competence.  At 30 months, mothers completed measures of their own depression symptoms and 
their toddlers’ internalising and externalising problems.   
Greater flood-related maternal PTS symptoms were associated with reduced maternally-
reported infant competence at 16 months.  A sex difference in mothers’ reports of infant 
behaviour problems emerged at higher levels of maternal objective hardship.  Additionally, 
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greater PTS was associated with more maternally-reported behaviour problems at 16 months in 
boys; however, attenuation by concurrent maternal depressive symptoms suggested a postnatal 
risk pathway through worse maternal emotional functioning postnatally.  Subsequent moderated 
serial mediation analyses testing this postnatal risk pathway found that increased flood-related 
objective hardship was indirectly associated with greater maternally-reported toddler 
internalising problems at 30 months through increased PTS symptoms and concurrent maternal 
depressive symptoms.  Furthermore, this postnatal risk pathway was evident only for the toddlers 
of mothers lower in mind-mindedness; for dyads with mothers higher in appropriate mind-
mindedness, the influence of flood-related maternal distress on maternally-reported toddler 
internalising problems was buffered.  Investigation of the maternal predictors of individual 
differences in appropriate mind-mindedness found that more mind-minded mothers reported 
lower levels of avoidant attachment, with no influence of flood-related stress or concurrent 
maternal depression or anxiety symptoms on this caregiving quality.   
Results suggest that flood exposure during pregnancy may affect maternally-reported 
child behaviour in infancy and early childhood through both prenatal and postnatal pathways, 
and this may be outcome domain-specific.  There may be a unique influence of maternal flood-
related PTS on infant social competence, possibly through fetal programming due to maternal 
stress physiology, whereas toddler internalising problems were better predicted by a mother’s 
enduring distress in the years following the floods.  Maternal mind-mindedness emerged as a 
protective factor, enhancing the resilience of young children exposed to a natural disaster in 
utero, possibly by assisting mothers experiencing depression symptoms to remain “tuned in” to 
their child.  This maternal quality factor was best predicted by maternal personality 
characteristics that may have their origins in a mother’s own early caregiving relationships, 
which may reflect an intergenerational protective influence on children’s behaviour after natural 
disaster exposure.  Overall these results highlight multiple pathways by which vulnerability and 
resilience may be conveyed from mother to child, with implications for screening and 
intervention with mothers and toddlers exposed to a natural disaster during pregnancy. 
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Preface 
Emotional and behavioural problems during childhood increase risk for a range of 
adverse psychosocial outcomes both concurrently and in adulthood, including poorer educational 
and social functioning (Breslau, Lane, Sampson, & Kessler, 2008; Costello, 2015; Lawrence et 
al., 2015) and mental health problems (Betts, Williams, Najman, & Alati, 2016).  Considerable 
evidence of familial aggregation and intergenerational transmission suggests that parents’ and 
even grandparents’ mental health may predict behavioural outcomes in children (Bayer, 
Ukoumunne, Lucas, & Wake, 2011; Cents et al., 2011; Hancock, Mitrou, Shipley, Lawrence, & 
Zubrick, 2013).  Although this has been largely attributed to genetic heritability (Kan, 2013; 
Nivard et al., 2015), sizeable variance unexplained by genetic factors suggests that the picture is 
complex and the role of the environment considerable.  Maternal mental health problems, such as 
depression, may influence the child’s early environment through its impact on caregiving 
behaviours, which may have consequences for child emotional and behavioural trajectories 
(Bayer et al., 2011; Miner & Clarke-Stewart, 2008; Morgan, Brugha, Fryers, & Stewart-Brown, 
2012; Shaw, Hyde, & Brennan, 2012).  Increasing evidence suggests that there may be a “third 
pathway” (Monk et al., 2016) by which vulnerability for behavioural problems may be conferred 
across generations, with maternal stress and distress during pregnancy potentially influencing 
fetal development by altering the quality of the environment in utero (Glover, O’Connor, & 
O’Donnell, 2010).  Consistent with this, there is growing evidence that development, particularly 
concerning the brain, is at its most sensitive to environmental perturbations during the first 
thousand days of development, from conception to the end of the child’s second year of life (D. 
J. P. Barker, 2012; Moore, Arefadib, Deery, & West, 2017).  With this heightened plasticity 
comes tremendous opportunity, and the development of effective prevention and early 
intervention approaches relies on a comprehensive understanding of these early influences on 
children’s developmental trajectories (World Health Organisation, 2013).     
Much research in the area of developmental psychopathology has utilised observational 
or naturalistic research designs, approaches that suffer from a range of limitations.  For example, 
when considering the effects of the early environment on development, observational studies are 
limited in their ability to determine the influence of the specific timing of exposures, with many 
environmental factors, such as quality of parent-child relationship, being relatively persistent in 
nature (O'Connor, 2003).  Another concern relates to gene-environment correlations, whereby 
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the same genetic liability may influence both the child’s risk of behavioural problems and the 
quality of parenting experienced (McAdams et al., 2014).  Genetically-influenced child 
behaviour may also elicit particular parenting approaches from biological parents that may in 
turn influence risk (Jaffee, Strait, & Odgers, 2012).  Furthermore, parents’ own heritable genetic 
characteristics may increase the likelihood of exposure to other risk factors in the rearing 
environment, through conscious or unconscious self-selection processes (Jaffee et al., 2012).  
There is also the issue of residual confounding, where common enduring risk factors in the 
environment may contribute to the prediction of both maternal factors (e.g., mental health 
problems) and child behavioural problems (E. D. Barker, Copeland, Maughan, Jaffee, & Uher, 
2012).  These issues present a major barrier to determining the unique influences of different 
exposures, as well as any causal interpretation of findings, leading (O'Connor, 2003) to 
conclude: 
 
“What is needed are studies in which the change in risk status is imposed from without, 
as in the case of a randomized clinical trial or a risk exposure not under the control of and 
independent of the characteristics of the individuals in the sample”  
       (O'Connor, 2003) 
 
In humans, experimental studies of the effects of early experience on later functioning are 
limited to intervention or prevention studies; however, these are typically designed to evaluate 
the intervention of interest, rather than test hypotheses concerning the role of certain 
environmental exposures for child development (O'Connor, 2003).  A natural experiment may 
reflect a promising alternative for testing the influence of a particular exposure that is quasi-
randomly allocated, hence largely independent of genetic or psychosocial background factors.  
Examples of natural experiments are available in the developmental psychopathology literature, 
among the most well-known being the English and Romanian Adoption (ERA) Study, which 
compares the development of previously institutionalised children who were placed with 
adoptive families at differing ages (Rutter, Kumsta, Schlotz, & Sonuga-Barke, 2012).  
Additionally, natural experiments have been conducted to investigate the developmental impact 
of risk exposures during pregnancy, such as prenatal famine associated with the Dutch hunger 
winter during World War II (Brown, Susser, Lin, Neugebauer, & Gorman, 1995) and in utero 
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radiation from the Chernobyl nuclear power plant disaster of 1986 (Nyagu, Loganovsky, & 
Loganovskaja, 1998). 
A natural disaster may also represent an opportunity to examine the effect of an 
independent risk exposure on child development, and some studies have used this design to 
investigate the effects of maternal stress and distress during pregnancy on a range of child 
developmental outcomes (King & Laplante, 2015; J. B. Watson, Mednick, Huttunen, & Wang, 
1999).  Additionally, a natural disaster may offer a novel opportunity to test models of the 
etiology and intergenerational transmission of behavioural problems, with the use of a quasi-
randomly allocated independent stressor potentially minimising the influence of genetic 
heritability, gene-environment correlations, and residual confounding.   
This Thesis 
The present thesis will investigate the prenatal and postnatal processes that may influence 
the behaviour of young children exposed to a natural disaster during pregnancy.  To this end, the 
thesis will take the following format: 
Part 1: Prenatal maternal stress and child behavioural outcomes.  The thesis will 
commence with a focus on the prenatal effects of exposure to a natural disaster during 
pregnancy.  Chapter 1 will review extant literature concerning the association of prenatal 
maternal stress and distress (“PNMS”) with emotional and behavioural outcomes in young 
children, including unresolved issues and unanswered questions in the field.  Following this, 
Chapter 2 will present an empirical study investigating the effects of exposure to a natural 
disaster on infant social-emotional and behavioural problems and competence at 16 months, 
including the moderating influences of component of the stress experience, infant sex and timing 
of exposure during gestation.   
Part II: Postnatal and concurrent predictors of child behavioural outcomes.  In Part 
II the focus will shift to the influence of the postnatal environment for child development, and 
how prenatal and postnatal influences may work together to predict child behavioural outcomes 
following exposure to a natural disaster during pregnancy.  Chapter 3 discusses theory regarding 
developmental programming by the postnatal rearing environment, and introduces two postnatal 
environmental factors, maternal mental health and maternal caregiving, reviewing evidence of 
their association with behavioural problems in young children.  Subsequently, the relationship 
between PNMS and these postnatal influences for predicting early childhood behaviour will be 
4 
 
 
discussed, and evidence for potential mediating and moderating processes will be presented.  
Following this, Chapter 4 will introduce maternal mind-mindedness, describing its development 
and reviewing evidence concerning the benefits of this maternal quality for child emotional, 
social and behavioural development.  Finally, Chapter 5 is an empirical study investigating the 
pathways linking PNMS from a natural disaster and child internalising and externalising 
behaviour problems at 30 months, where both the direct prenatal effects as well as a postnatal 
risk pathway will be tested.  Additionally, the potential of maternal mind-mindedness to buffer 
risk following prenatal natural disaster exposure will be investigated.   
Part III: Predictors of individual differences in maternal mind-mindedness.   
Based on evidence that maternal caregiving may buffer the effects of prenatal exposure to 
natural disaster on child behavioural outcomes, the focus of the thesis will then turn to 
understanding the etiology of maternal mind-mindedness, with Chapter 6 reviewing literature 
concerning the nature of maternal mind-mindedness and predictors of individual differences in 
this maternal quality.  In Chapter 7, an empirical study will investigate the role of adult 
attachment orientation, PNMS and concurrent mental health for predicting individual differences 
in maternal mind-mindedness in mothers prenatally exposed to a natural disaster.   
General Discussion.  The final chapter provides an overview and integration of the key 
findings of the thesis, highlighting major contributions to the current state of knowledge and 
suggesting implications for further research and clinical practice. 
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Chapter 1: Prenatal Maternal Stress and Child Behavioural Problems 
 
Chapter Overview 
The current chapter will discuss evidence that exposure to high levels of maternal stress 
and distress during pregnancy may reflect one mechanism by which the intergenerational 
transmission of risk for behavioural problems may operate.  Research investigating the effects of 
prenatal maternal stress (“PNMS”) on emotional and behavioural problems in early childhood 
will be reviewed.  Evolutionary-developmental models will be introduced, conceptualising the 
effects of PNMS as a programming influence on fetal development, and an overview of proposed 
physiological mechanisms will be presented.  Potential moderators of the effects of PNMS on 
child behaviour will be reviewed, with attention subsequently turning to some of the challenges 
and unresolved issues inherent to the PNMS literature.  Finally, the potential of a natural 
experiment, such as a natural disaster, to address these issues will be discussed.  
 
The Effects of Prenatal Maternal Stress and Distress on Offspring Behaviour  
Considerable evidence from animal studies supports an influence of stress during 
pregnancy on offspring behavioural development (Weinstock, 2008).  Controlled trials, 
randomly allocating pregnant animals to stressor conditions, such as restraint or shock, have 
identified enduring alterations of offspring behaviour in rodents and non-human primates, 
including more fearful behaviour, poorer attention, learned helplessness and learning deficits 
(Del Cerro et al., 2010; Dickerson, Lally, Gunnel, Birkle, & Salm, 2005; Estanislau & Morato, 
2005; Modir, Elahdadi Salmani, Goudarzi, Lashkarboluki, & Abrari, 2014; Schneider, 1992; 
Schroeder, Sultany, & Weller, 2013; Weinstock, 2002).  Exposure to high levels of stress during 
gestation may impact on these aspects of offspring behaviour by altering the hormonal 
conditions of the intrauterine environment, shaping the development of the offspring’s 
hypothalamic-adrenal-pituitary axis (“HPA-axis”) stress response (Glover et al., 2010).  
Accordingly, exposure to stress during pregnancy may “program” the functioning of the 
offspring’s stress response and, thus, behaviour (Glover et al., 2010). 
In human research, prenatal maternal stress (“PNMS”) has been variably operationalised 
as pregnancy-related anxiety, state or trait anxiety symptoms, depression symptoms, daily 
hassles, or the objective experience of stressful life events.  In these studies, PNMS has been 
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shown to impact on child development across a broad range of domains, including cognitive, 
language and motor development (King & Laplante, 2005; Laplante, Brunet, Schmitz, Ciampi, & 
King, 2008; Nolvi et al., 2017), as well as obesity (Hohwü, Li, Olsen, Sørensen, & Obel, 2014) 
and handedness (Rodriguez & Waldenström, 2008).  PNMS may also contribute to potentially 
enduring alterations in the behaviour of human offspring (Weinstock, 2008), with increased risk 
of mental health problems in adolescents and adults following exposure to stress during 
pregnancy, including depression (Khashan et al., 2011), anxiety (Capron et al., 2015), psychotic 
symptoms and schizophrenia (Betts, Williams, Najman, Scott, & Alati, 2014; Huttunen & 
Niskanen, 1978; Malaspina et al., 2008).  To understand the mechanisms and developmental 
progression of increased risk associated with exposure to stress during pregnancy, research 
attention has turned to examining the effects of PNMS on the emotional and behavioural 
outcomes of children.  This chapter will review the findings of these studies, with a specific 
focus on outcomes in toddlers and preschoolers aged 5 years and younger. 
Prenatal Maternal Stress and Behavioural Problems in Young Children   
The influence of stress during pregnancy on child behavioural development  may be 
evident as early as in utero, with increased movement, reactivity and heart-rate variability 
detected in the fetuses of mothers reporting high levels of PNMS (DiPietro, Hilton, Hawkins, 
Costigan, & Pressman, 2002; Niederhofer & Reiter, 2000; Van den Bergh, Mulder, Mennes, & 
Glover, 2005).  Behavioural alterations are also noted in neonates and infants exposed to stress 
prenatally, including greater behavioural reactivity to stressor tasks (Bergman, Sarkar, O'Connor, 
Modi, & Glover, 2007; Davis et al., 2004; Werner et al., 2007) and increased frequency of infant 
crying and fussing (Bolten, Fink, & Stadler, 2012; Wurmser, 2006).  Prenatal maternal stress 
exposure is also associated with increased maternal report of infant negative reactivity (Davis, 
2007; Nolvi et al., 2016), “difficult” temperament (Austin, Hadzi-Pavlovic, Leader, Saint, & 
Parker, 2005; Huizink, De Medina, Mulder, Visser, & Buitelaar, 2002; Vedova, 2014), and 
distress to both limitations and novelty (Baibazarova et al., 2013; Brand, Engel, Canfield, & 
Yehuda, 2006).  This increased infant stress reactivity and temperamental difficulty may reflect 
increased vulnerability for the development of emotional and behavioural problems (Rothbart, 
2015). 
The predictive association of PNMS with early childhood behavioural outcomes, 
reflected as emotional and behavioural problems, has been investigated primarily through 
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prospective population-based cohort studies.  These include the Avon Longitudinal Study of 
Parents and Children (ALSPAC; Golding, Pembrey, & Jones, 2001), the Amsterdam Born 
Children and Their Development cohort (Loomans et al., 2011), the Western Australian 
Pregnancy Cohort (Raine) Study (Robinson et al., 2011; Robinson et al., 2008), the Generation R 
study (Velders et al., 2011) and the Norwegian Mother and Child Cohort Study (Bendiksen et al., 
2015; Kvalevaag et al., 2015).  In these studies, PNMS is operationalised as maternal self-
reported anxiety (Loomans et al., 2011; O'Connor, Heron, Golding, Beveridge, & Glover, 2002; 
O’Connor, Heron, Golding, & Glover, 2003) or depressive symptoms (Edwards & Hans, 2016; 
Velders et al., 2011), the frequency and severity of stressful life events (Robinson et al., 2011; 
Robinson et al., 2008) or global mental distress (Kvalevaag et al., 2015).  Most studies have 
assessed child outcomes through maternal-report measures, such as the Child Behaviour 
Checklist (CBCL; Achenbach & Rescorla, 2001a, 2001b) the Strengths and Difficulties 
Questionnaire  (SDQ; R. Goodman, 2001) and the Infant Toddler Social and Emotional 
Assessment (ITSEA; Carter, Briggs-Gowan, Jones, & Little, 2003) or its brief version (BITSEA; 
Briggs-Gowan & Carter, 2002).   
In these studies, PNMS has been uniquely associated with more adverse emotional and 
behavioural development overall, as reflected in positive associations with total emotional and 
behavioural problems in toddlers and preschoolers (Edwards & Hans, 2016; Gutteling et al., 
2005; Kvalevaag et al., 2015; O'Connor, Heron, Golding, et al., 2002; Robinson et al., 2008), 
including after adjustment for maternal postnatal mood (Robinson et al., 2008), postnatal 
stressful life events (Robinson et al., 2011) and concurrent maternal anxiety or distress (Loomans 
et al., 2011).  While these findings provide evidence that prenatal exposure to stress may increase 
generalised maladjustment in otherwise low-risk community samples, reliance on composite 
scores precludes the examination of PNMS on specific areas of social-emotional and behavioural 
functioning.  Animal evidence suggests that PNMS may have particular effects on offspring 
anxious and depressive behaviours (Dickerson et al., 2005; Schroeder et al., 2013), as well as 
reduced attention span (Schneider, Moore, Kraemer, Roberts, & DeJesus, 2002), with the type of 
behavioural alteration possibly influenced by offspring sex or timing of the stressor (Glover & 
Hill, 2012).  It is, therefore, important to consider the effects of PNMS on specific domains of 
offspring emotional and behavioural development in humans.   
Internalising problems.  Internalising behavioural problems refers to child presentations 
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where distress is expressed inwardly (i.e., anxiety and depressive problems) (V. E. Cosgrove et 
al., 2011; Krueger, 1999).  A number of prospective cohort studies have found evidence of 
increased early childhood internalising problems following exposure to PNMS when assessed as 
a composite of prenatal maternal anxiety and depression symptoms, or global mental distress (de 
Bruijn, van Bakel, & van Baar, 2009; Kvalevaag et al., 2015), maternal anxiety (H. Sharp, Hill, 
Hellier, & Pickles, 2015) and frequency of stressful life events (Lin, Crnic, Luecken, & 
Gonzales, 2017; Robinson et al., 2008).  Considering child anxiety symptoms separately using 
maternal interview, Bendiksen et al. (2015) found increased risk of clinically significant 
problems in 3-year-old children of mothers reporting greater symptoms of maternal general 
distress prenatally.  Similarly, prenatal depression symptoms were positively associated with 
generalised anxiety scores at 1 year old infants (Gerardin et al., 2011) , although postnatal 
maternal depression was not controlled here.  Additionally, Gutteling et al. (2005) found no 
unique effect of objective or subjective PNMS measures for predicting toddler internalising 
symptoms, with this outcome best predicted by maternal postnatal stress.  Furthermore, the effect 
of PNMS on internalising symptoms may depend on child age of assessment, with the 
association of prenatal stressful life events and child internalising symptoms may intensify over 
time (Robinson et al., 2008; Tearne et al., 2015).   
Externalising problems.  Externalising behavioural problems are those that involve a 
pattern of outward expression of distress, including oppositional defiant, conduct and attention 
deficit hyperactivity problems (V. E. Cosgrove et al., 2011; Krueger, 1999).  There is evidence to 
suggest that exposure to PNMS may increase the risk of externalising problems in childhood.  In 
the Raine Study, the number of stressful life events reported by women during their pregnancies 
significantly predicted externalising behaviours on the CBCL at age 2 years and 5 years 
(Robinson et al., 2008), whilst prenatal maternal anxiety, general distress and perceived stress 
has been associated with elevated externalising problems in toddlers (Gutteling et al., 2005; 
Kvalevaag et al., 2015; H. Sharp et al., 2015) and young children (de Bruijn et al., 2009; Pickles, 
Sharp, Hellier, & Hill, 2017).  Studies considering child conduct problems separately have found 
mixed evidence of a prenatal effect.  Bendiksen et al. (2015) found that increased maternal 
general distress was associated with greater risk of clinically significant symptoms of 
oppositional defiance disorder and conduct disorder in 3-year-old children based on maternal 
interview.  Conversely, Loomans et al. (2011) reported that the effect of prenatal maternal 
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anxiety on maternally-reported conduct problems in 5-year-olds was not supported by teacher-
report, possibly reflecting maternal reporter bias or other postnatal contextual influence.  In the 
ALSPAC studies, prenatal maternal anxiety significantly predicted maternally-reported conduct 
problems on the SDQ at 4 years in girls only (O'Connor, Heron, Golding, et al., 2002), but these 
effects were reduced after postnatal anxiety was taken into account.     
Prospective studies in community samples have found an increased rate of maternally-
reported inattention and hyperactivity in young children exposed to high levels of PNMS, which 
may reflect increased risk for attention deficit hyperactivity disorder (ADHD).  Greater maternal 
fear of bearing a handicapped child was associated with increased observer-rated attention 
regulation problems in 2-year-old children (Gutteling et al., 2005), whilst greater maternal 
anxiety symptoms at first antenatal visit predicted increased attention problems at 5 years 
(Clavarino et al., 2010).  Conversely, higher prenatal maternal anxiety and depression was 
associated with increased child hyperactive-impulsive problems at 3.5 years, but was no 
associated with inattentive symptoms (Bendiksen et al., 2015).  Some studies have found that 
prenatal maternal anxiety predicted increased inattention and hyperactivity symptoms in boys 
only (Loomans et al., 2011; O'Connor, Heron, Golding, et al., 2002), or were more prominent in 
boys compared with girls (Zhu et al., 2015); however, a lack of moderation by sex has also been 
noted when considering the association of PNMS with inattention and hyperactivity in young 
children (Bendiksen et al., 2015; Ronald, Pennell, & Whitehouse, 2011).  
Social competence.  Social competence refers to “a broadly adaptive individual-
differences characteristic that encompasses many related interpersonal skills” including 
“emotional self-regulation, social cognition, positive communication, and prosocial 
relationships” (Bornstein, Hahn, & Haynes, 2010, p. 718).  Considered a key domain of adaptive 
functioning important for wellbeing across the lifespan, delayed acquisition of social competence 
is associated with increased risk of internalising and externalising behavioural problems 
(Bornstein et al., 2010), and in more extreme cases, autistic spectrum traits and disorder 
(American Psychiatric Association, 2013).  Some studies have found evidence for increased risk 
of autistic spectrum conditions in later childhood following PNMS exposure (Class et al., 2014; 
Kinney, Miller, Crowley, Huang, & Gerber, 2008); however, few studies have examined the 
effects of PNMS on emerging social competencies in early childhood, which may inform 
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understanding of the role of the prenatal environment for the broader autism phenotype (Ronald 
et al., 2011).   
Mixed findings concerning an influence of PNMS have been reported when young 
children’s social competence was assessed using the maternal-report social and emotional scale 
of the Bayley Scales of Infant Development (Bayley, 2006).  Koutra (2013) found that greater 
prenatal trait anxiety was associated with poorer social and emotional development in 18-month 
old infants, whilst maternal extraversion predicted better functioning in this area.  The authors 
suggested that this latter association may be explained by postnatal caregiving, with this 
personality quality potentially associated with more responsive parenting behaviour.  
Conversely, Karam et al. (2016) found that child functioning on the Bayley social-emotional 
scale was predicted by postnatal paternal perceived stress only, with no effects of maternal 
prenatal or postnatal perceived stress.  Furthermore, while Ronald et al. (2011) found an 
association of frequency of prenatal stressful life events and increased autistic traits assessed by 
maternal report on the CBCL in 2-year-old boys, these effects were significant only for non-
social behaviours (e.g., repetitive behaviours), with no effects evident for social difficulties.  This 
is consistent with a study by Kvalevaag et al. (2015), who found no significant association 
between elevated maternal prenatal global distress and a social functioning in 3-year-old 
children, based on a modified measure of social behaviours derived from the SDQ and ITSEA.   
Interestingly, Phua et al. (2017) factor analysed a range of maternal prenatal mental 
health measures, revealing unique univariate associations between factors reflecting positive 
maternal prenatal wellbeing (“positive mood” and “positive self”) and better toddler social 
competence measured using the Bayley socio-emotional scale and the ITSEA.  These authors did 
not perform multivariate analyses on this data; hence, it is not possible to determine whether 
these effects indicate a prenatal programming of resilience or better social functioning by 
maternal prenatal wellbeing, genetic heritability of social competence and mental health, or the 
influence of postnatal environment.  Nevertheless, these findings, together with Koutra (2013), 
provide preliminary evidence that aspects of maternal wellbeing and personality functioning may 
be associated with better social competence in young children.  A role of positive prenatal 
maternal factors may explain the mixed findings when considering a role of PNMS in the 
etiology of this area of development.   
Summary.  A number of studies show support for an adverse effect of stress and distress 
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during gestation on offspring behavioural development evident in early childhood.  Areas of 
functioning implicated in in this age group include total emotional and behavioural problems, 
composites of internalising and externalising behaviour, as well as specific effects on attention 
and hyperactivity symptoms.  The evidence for an impact of PNMS on emerging social 
competencies in young children is mixed, and there is preliminary evidence of a role of positive 
prenatal maternal characteristics, including extraversion and well-being, for predicting young 
child development in this area.  There are some inconsistencies in findings, important moderators 
to consider, and methodological differences that may limit the generalisability of findings.  
Before turning attention to these issues, the physiological mechanisms by which PNMS may 
exert an effect on fetal neurodevelopment, and in turn, increased risk of childhood behavioural 
problems will be reviewed.   
Fetal Programming:  Mechanisms and Evolutionary Significance   
First demonstrated in Barker’s landmark cohort study predicting men’s death due to 
cardiac disease from their weight at birth (D. J. Barker, Winter, Osmond, Margetts, & 
Simmonds, 1989), the “fetal programming” hypothesis, elaborated on by the “Developmental 
Origins of Health and Disease” (DOHaD) hypothesis (Gluckman, Hanson, & Buklijas, 2010), 
provides a conceptual framework for understanding the effects of early environmental conditions 
on later health and disease.  Within this theory, events and exposures during critical or sensitive 
periods may program the structure and function of fetal organs, tissues and systems in ways that 
may increase risk for non-communicable diseases and health conditions, such as obesity, Type II 
diabetes and cardiovascular disease (D. J. P. Barker, 2012).  Development during the fetal period 
is considered to be particularly sensitive to the effects of environmental perturbations, with 
growth and development more rapid during this time than any other period across the lifespan 
(Sandman, Class, Glynn, & Davis, 2016).   DOHaD has been extended to account for the 
influence of a mother’s emotional state during pregnancy on offspring behavioural problems and 
later mental health (O'Donnell & Meaney, 2017).  Exposure to stress during pregnancy may 
influence the development and later functioning of the infant stress response (Davis, Glynn, 
Waffarn, & Sandman, 2011), which may in turn influence risk for internalising and externalising 
behavioural problems (Hastings et al., 2011; Saridjan et al., 2014; van Goozen, Fairchild, Snoek, 
& Harold, 2007).   
Central to this theory is the concept of developmental plasticity, with alterations to 
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development thought to serve an evolutionary function.   The concept of the “predictive adaptive 
response” (PAR) refers to the tendency of the fetus to use information from the uterine 
environment to predict the conditions of the later environment, and to adapt physiologically in 
order to thrive in this anticipated environment (Gluckman & Hanson, 2006).  When a pregnant 
woman experiences a high level of stress, the prenatal environment may communicate to the 
fetus that the world is threatening, resulting in adaptations by the fetus (e.g., hypervigilance) to 
prepare for this later environment (Glover, 2011).  While designed to promote survival to 
reproductive age in a dangerous environment, these adaptations may present a problem should 
the postnatal environment be characterised by levels of resources or threat that differ from the 
uterine environment, resulting in a mismatch (Nederhof & Schmidt, 2012).  It is under these 
conditions of mismatch that physiological and behavioural adaptations based on fetal 
experiences may lead to undesirable outcomes and dysfunction (Bateson, Gluckman, & Hanson, 
2014).  For example, while distractibility or hypervigilance may enhance survival in a 
threatening environment, these phenotypes may be problematic under conditions of relative 
safety.  Indeed, it has been suggested that these behavioural adaptations may have proven 
beneficial in ancestral environments, but may be considered to be “problems” in the modern day 
context, where the threats encountered are often qualitatively different (Glover, 2011). 
A number of physiological mechanisms have been investigated to explain how 
intrauterine conditions convey signals to the fetus that become biologically embedded in such a 
way as to inform later functioning.  Primary amongst these concerns the role of maternal HPA-
axis, and particularly, the glucocorticoid hormones, such as cortisol.  Together with their 
involvement in regulating the stress response, glucocorticoids have an important role in 
pregnancy and fetal development, including the maturation of the central nervous system and 
lungs in the latter stages of pregnancy (Cottrell & Seckl, 2009); however, exposure to excessive 
concentrations of glucocorticoids may have adverse neurodevelopmental effects, including 
alterations to neuron structure and synapse formation.  This may result in permanent structural 
alterations of the brain (Seckl & Meaney, 2006), including global morphological effects, such as 
reduced birth weight and head circumference (Bolten et al., 2011; Khan, Rodriguez, Kaakinen, & 
Pouta, 2011), as well as impacting specific fetal brain areas, including the prefrontal cortex, 
hippocampus and amygdala, all of which are involved in regulation of the offspring stress 
response (Avishai-Eliner, Brunson, Sandman, & Baram, 2002; Beijers, Buitelaar, & de Weerth, 
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2014; Buss et al., 2012; Charil, Laplante, Vaillancourt, & King, 2010; Coe, 2003).   
Maternal cortisol levels do not show consistent or strong correlations with maternal 
subjective measures of psychological stress or distress (Harville, Savitz, Dole, Herring, & Thorp, 
2009), suggesting that other physiological mechanisms may be involved.  The human placenta 
plays a role in regulating maternal HPA axis responsiveness and cortisol concentrations over 
gestation (Brunton, Russell, & Douglas, 2008; O'Donnell, O'Connor, & Glover, 2009), largely 
due to the activity of the 11-β hydroxysteroid dehydrogenase-type 2 (11β-HSD2) enzyme, which 
converts cortisol to cortisone, its inactive form (O'Donnell et al., 2009).  There is evidence to 
suggest that the gene expression of this enzyme is altered by prenatal maternal anxiety and 
depression, particularly amongst Caucasian women (Capron, Ramchandani, & Glover, 2018), 
rendering the placenta more permeable to maternal cortisol (O'Donnell et al., 2012; Seth, 
Andrew James, Richard, Martha, & Megan, 2015).  Additionally, the stress-related increased 
release of catecholamines, such as epinephrine and norepinephrine, may impact on fetal 
development directly (Wroble-Biglan, Dietz, & Pienkosky, 2009) or through the constriction of 
placental blood vessels important for the transportation of oxygen and nutrients to the fetus (Gu, 
Jones, & Parer, 1985).   
These hormonal signals may impact on development through epigenetic mechanisms, 
that is, by influencing the transcription of genes (Cao-Lei et al., 2017), such as through DNA 
methylation of the glucocorticoid pathway-related genes (e.g., NR3C1 and 11β-HSD2) in the 
placenta and fetus (Braithwaite, Kundakovic, Ramchandani, Murphy, & Champagne, 2015; 
Monk et al., 2016), or by impacting on telomere biology (S. Entringer, Buss, & Wadhwa, 2012; 
Lindqvist et al., 2015).  Furthermore, other proposed mechanisms for the association of PNMS 
with child outcomes includes maternal prenatal infection, and associated intrauterine 
inflammation (Canetta & Brown, 2012; Goldenberg, Culhane, Iams, & Romero, 2008; P. H. 
Patterson, 2011), maternal pro-inflammatory cytokines (Sonja Entringer, 2013) and through 
stress-related alterations to maternal intestinal bacteria (Beijers et al., 2014). 
Summary.  Animal and human studies have identified a range of physiological 
mechanisms that may be involved in the programming of the offspring stress response, most of 
which involve the influence of the stress hormone, cortisol, on brain development.  These 
processes are not well understood, and it is likely that the relationship between a mother’s stress 
and distress during pregnancy and her child’s development is highly complex and conditional on 
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a range of factors at the level of the mother, the child or the pregnancy itself.  The following 
section will consider some of these moderating influences.   
Moderators of the Effects of Prenatal Maternal Stress on Child Behaviour 
Fetal sex.  Epidemiological research has established that there are clear sex differences in 
the prevalence of certain forms of psychopathology (Kessler et al., 2005).  For example, ADHD 
presents more frequently in males, whereas females have been found to experience a greater 
prevalence of depression and anxiety (Lawrence et al., 2015; C. P. McLean, Asnaani, Litz, & 
Hofmann, 2011).  Sex-related differences in prevalence have been attributed to contextual 
influences, such as the methodology of the study and differences in the phenotypic expression of 
the disorder (Biederman, Mick, Faraone, Braaten, & et al., 2002; Davies, 2014; Najman et al., 
2001; Rutter, Caspi, & Moffitt, 2003), as well as genetic factors, including the role of sex 
chromosomes (Davies, 2014).  Nevertheless, evidence of sexual dimorphism of the developing 
brain and stress response that may originate during fetal development (Bale, 2009; K. P. 
Cosgrove, Mazure, & Staley, 2007), together with findings from animal studies (Weinstock, 
2007), suggest that exposure to stress during pregnancy may account for some of these sex-based 
differences in emotional and behavioural problems.   
The response of the fetus to the conditions of the intrauterine environment may depend 
on fetal sex.  Females are more likely to survive to term under adverse conditions (Catalano, 
Bruckner, Marks, & Eskenazi, 2006; Störmer, 2011), with preterm birth and perinatal mortality 
more common for male fetuses (Di Renzo, Rosati, Sarti, Cruciani, & Cutuli, 2007; Dunn, Prior, 
Greer, & Kumar, 2015; Engel, Engel, Smith, Brinsmead, & Bowe, 2008; Vatten & Skjærven, 
2004).  Conversely, females are more likely to suffer from intrauterine growth restriction (Engel 
et al., 2008), which may indicate that male and female placentae have sex-specific adaptive 
strategies under unfavourable uterine conditions, with females adopting strategies to enhance 
survival, whereas males may prioritise growth (Clifton, 2010).  Referred to as the sex-dependent 
“viability-vulnerability trade-off” (Sandman, Glynn, & Davis, 2013), this suggests that, while 
females may be more likely to survive under suboptimal intrauterine conditions, this may come 
at the cost of increased vulnerability for fearful temperament as infants, and anxiety and 
depression later in life.   
While this hypothesis is supported by some studies of behaviour in young children (Lin et 
al., 2017; H. Sharp et al., 2015), a number of studies find specific or stronger PNMS effects on 
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behaviour for boys (Loomans et al., 2011; Zhu et al., 2015).  An alternative view was proposed 
by Bale (2009), who suggested that exposure to stress during pregnancy may dysmasculinise 
male offspring by disrupting the normal exposure to testosterone during gestation necessary for 
sexual differentiation (Ward, 1972).  Amniotic cortisol has been found to be correlated with 
prenatal testosterone (Sarkar, Sarkar, Bergman, Fisk, & O’Connor, 2007), which has been 
associated with increased fear reactivity in boys (Bergman, Glover, Sarkar, Abbott, & O'Connor, 
2010).  However, the nature of the relationship between PNMS and amniotic fluid testosterone is 
yet to be established (Auyeung, Baron-Cohen, Ashwin, & Knickmeyer, 2009; Sarkar, Bergman, 
O'Connor, & Glover, 2008), and this theory does not explain studies finding greater effects of 
PNMS exposure for girls (Lin et al., 2017; H. Sharp et al., 2015).   
There is evidence that the type of outcome, not its likelihood, that is influenced by fetal 
sex under conditions of PNMS (Davis & Pfaff, 2014; Glover & Hill, 2012; Tibu, Hill, Sharp, 
Marshall, & Glover, 2014).  For example, some studies with animals and humans have found 
sexually dimorphic alterations in stress reactivity following exposure to PNMS, with a blunted or 
hypoactive stress response found in males, and a hyperactive response in females in animal and 
human studies (Richardson, Zorrilla, Mandyam, & Rivier, 2006; Tibu et al., 2014).  This was 
proposed to translate to increased PNMS-related externalising problems in boys, and 
internalising problems in girls (Tibu et al., 2014), an hypothesis that has been supported by some 
studies with young children (Lin et al., 2017; Loomans et al., 2011; O’Connor et al., 2003; Zhu 
et al., 2015), but not all (Gerardin et al., 2011), with some studies find no moderation of the 
effects of PNMS by sex at all for predicting internalising behaviour (H. Sharp et al., 2015) and 
ADHD symptoms (Ronald et al., 2011) in young children.   
Gestational timing of exposure.  Animal studies have found that the timing of stress 
during gestation may impact on the nature or severity of effects on offspring outcomes 
(Schneider, Roughton, Koehler, & Lubach, 1999).  Understanding the critical window during 
gestation for the influence of PNMS on offspring development is important both for effectively 
timing intervention efforts and for clarifying the precise mechanisms by which PNMS may exert 
its effects on child outcomes (Van den Bergh & Marcoen, 2004).  Moderation by timing may be 
expected considering changes over gestation in mothers’ circulating levels of cortisol (Cottrell & 
Seckl, 2009; Davis & Sandman, 2010), the maternal psychological and physiological response to 
stress over the course of pregnancy (Brunton et al., 2008; Glynn, Wadhwa, Dunkel-Schetter, 
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Chicz-DeMet, & Sandman, 2001), and the function of the placental 11β-HSD2 enzyme 
(O'Donnell et al., 2012; Seckl & Meaney, 2006).   
The progressive and predictable unfolding of fetal neurodevelopment over gestation 
would suggest that different type or severity of behavioural outcomes may be expected 
depending on the timing of the PNMS exposure (Kinney, Munir, Crowley, & Miller, 2008; 
Selemon & Zecevic, 2015).   For example, the cortisol receptors of the hippocampus, thought to 
play a role in programming of the HPA-axis (Jacobson & Sapolsky, 1991; Matthews, 2000), 
have been detected in the fetal brain from 24 weeks gestation (Noorlander, De Graan, 
Middeldorp, Van Beers, & Visser, 2006), which may suggest that mid to late gestation may be a 
sensitive period for the effects of PNMS on development.  Conversely, earlier exposures may 
have a more profound effect on neurodevelopment due to the cell proliferation and neuronal 
differentiation that characterises this period (Buss et al., 2012). 
Existing evidence is inconsistent concerning the effects of timing of PNMS on child 
emotional and behavioural outcomes.  A number of studies have found that mid-late gestation 
(i.e., 30 to 34 weeks), compared with earlier in pregnancy (i.e., 17 to 18 weeks), is a more 
sensitive period for the effects of prenatal maternal anxiety and depression symptoms on early 
childhood internalising and externalising problems (Bendiksen et al., 2015; O'Connor, Heron, 
Golding, et al., 2002).  However, other studies find no evidence of moderation by timing  at all 
(e.g., Lahti et al., 2017), or the effect of timing on child risk trajectories may wash out over time 
(O'Donnell, Glover, Barker, & O'Connor, 2014) .  It is also possible that the interaction of PNMS 
with timing of exposure may depend on fetal sex (de Bruijn et al., 2009) Zhu et al. (2015). 
Methodological issue make it difficult to draw conclusions about the most sensitive 
timing of exposure for child behaviour.  A majority of studies either assess PNMS at a single 
time-point , calculate a sum or average of PNMS measures collected on multiple occasions 
across pregnancy (Gutteling et al., 2005; Robinson et al., 2008; Ronald et al., 2011) or don’t 
examine moderation by timing at all (E. D. Barker, Jaffee, Uher, & Maughan, 2011; Loomans et 
al., 2011).  Studies that examine timing are often restricted to only one or two time points across 
pregnancy (e.g., Bendiksen et al., 2015; O'Connor, Heron, Golding, et al., 2002), which may not 
be sufficiently sensitive to detect critical periods for the different outcomes of interest, with few 
studies assessing PNMS in the first trimester.  A notable exception to this is the study by Lahti et 
al. (2017), who assessed maternal depressive symptoms fortnightly across gestation, finding no 
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moderation by timing for the effects of maternal prenatal depression on toddler and young child 
behaviour.  Relatedly, the way that PNMS is operationalised, as emotional symptoms or stressful 
events in the mother’s personal life, may not be sufficiently discrete to enable firm conclusions 
to be drawn regarding timing effects (Talge, Neal, & Glover, 2007).  The timing of exposure 
may also be confounded by dose, with children exposed earlier in gestation potentially exposed 
over a longer period (O’Connor, Monk, & Fitelson, 2014), with animal research demonstrating 
that chronic or repeated exposure to PNMS may have the greatest behavioural effects on 
offspring (Richardson et al., 2006).    
Type and operationalisation of prenatal maternal stress.  Studies vary widely in how 
PNMS is operationalised and assessed, from daily hassles to severe trauma, pregnancy-specific 
worries and clinically significant anxiety or depression.  Some studies define PNMS as a 
stimulus or “stressor”, measured as the frequency with which pregnant women report 
experiencing  “stress-provoking” factors or events that are considered to be potentially stressful 
for most people, such as daily hassles and stressful life events (e.g., bereavement)(Lin et al., 
2017; Robinson et al., 2008; Ronald et al., 2011) .  Other studies define PNMS in terms of a 
stress response, assessing a mother’s emotional symptoms of stress, anxiety or depression 
(Kvalevaag et al., 2015; Lahti et al., 2017; Marceau et al., 2013; Van Batenburg-Eddes et al., 
2013; Velders et al., 2011), or her perceived impact of a potentially stressful event (Zhu et al., 
2015).  As argued by Lazarus (1993) and others (Ehlers & Clark, 2000; Ellis, 1962; Gellatly & 
Beck, 2016), humans vary widely in their interpretation of the salience of a potentially 
threatening event, leading to individual differences in the physiological and emotional response 
to the same stressor.  Accordingly, it is important to determine whether it is the objective 
exposure to the event or the mother’s subjective response that may have most influence on child 
outcomes (Graignic-Philippe, Dayan, Chokron, Jacquet, & Tordjman, 2014);  however, few 
studies have compared the developmental impact of an objective prenatal stressor event and the 
mother’s subjective response to this.  In what appears to be the only published study assessing 
these different components for their effects on behaviour in young children, Gutteling and 
colleagues (2005) found that child externalising behaviours were best predicted by mothers’ 
perceived stress, with no unique effect of frequency of daily hassles, a potentially more objective 
measure of stressor experience.  
Even within the realm of the maternal subjective response, PNMS has been measured 
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variably as symptoms of anxiety, perceived stress or depression, with some studies using 
composite measures of these symptoms (Bendiksen et al., 2015; de Bruijn et al., 2009; Marceau 
et al., 2013).  This makes sense on a practical level, particularly since these phenomena are 
highly comorbid (Clark & Watson, 1991); however, the physiological underpinnings of each of 
these types of emotional response may differ markedly, with implications for theories of fetal 
programming.  For example, anxiety and stress both involve activation of the HPA-axis and 
sympathetic nervous systems, whereas depression also incorporates the serotoninergic system, 
leading some scholars (Graignic-Philippe et al., 2014) to argue for the exclusion of prenatal 
depression from consideration of the effects of PNMS on child development.   Therefore, 
consideration of the effects of different types of prenatal maternal emotional symptoms on 
offspring behaviour may be informative for extending understanding of the physiological 
mechanisms by which PNMS may confer its impact on fetal development.   
Few studies consider the different types of prenatal maternal distress within the one 
study.  Those that have explored this issue find mixed results concerning whether maternal 
anxiety may exert a similar or greater prenatal influence on child behaviour compared with 
prenatal depression (O'Connor, Heron, & Glover, 2002; Van Batenburg-Eddes et al., 2013).  
Furthermore, it is unclear what type of maternal anxiety symptoms may be most salient for the 
effects of prenatal exposures on child behaviour (Gutteling et al., 2005; Pickles et al., 2017).  
While these findings may indicate that it is the mother’s subjective stress and distress, rather than 
frequency of stressors, that may have had the most influence on child behaviour, more research 
is needed to better discriminate these effects and any moderating influences.   
Summary.  A number of factors at the level of the child, the pregnancy and mother may 
influence whether, and to what extent, different domains of child behaviour may be impacted by 
exposure to maternal stress and distress during pregnancy.  Despite a number of strong 
theoretical rationales suggesting different sex-specific effects of PNMS on child behaviour, 
empirical evidence is mixed concerning the role of infant sex as a moderator of child outcomes 
following exposure to stress during pregnancy.  It is also possible that the type or severity of the 
effects of stress during pregnancy on child development may depend on the timing of exposure 
during gestation; however, the evidence is also not conclusive in this area, which may be due to 
methodological issues.  Additionally, prenatal maternal emotional symptoms show marked 
stability, which may confound timing effects with dose. Finally, the type of PNMS varies widely 
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across studies, and there is evidence to suggest that different types of stress, particularly 
objective versus subjective components of the stress experience, may influence the relationship 
between PNMS and child behavioural outcomes.   
The Challenges of Prenatal Maternal Stress Research 
Postnatal environment.  The experience of stress and distress during pregnancy shows 
considerable continuity to the postpartum period (Bekkhus, Rutter, Barker, & Borge, 2011; Clout 
& Brown, 2015; Grant, McMahon, & Austin, 2008), increasing risk for postnatal depression 
(Brock et al., 2015; Milgrom et al., 2008).  Numerous studies have found evidence of an 
association between maternal depression symptoms during the postnatal period (Agnafors et al., 
2016; Bagner, Pettit, Lewinsohn, & Seeley, 2010; Pemberton et al., 2010) and early childhood 
with adverse child behaviour (Bayer et al., 2011; Woolhouse, Gartland, Mensah, & Brown, 
2015).  Accordingly, most studies of the effects of PNMS on the behaviour of young children 
control for the postnatal rearing environment, finding evidence of unique prenatal effects over 
and above any increased risk conferred by maternal postnatal (Bendiksen et al., 2015; Robinson 
et al., 2008) or concurrent psychological symptoms (de Bruijn et al., 2009; Van Batenburg-Eddes 
et al., 2013), or postnatal stressful life events (Lin et al., 2017).  Considering that some studies 
find that the prenatal effect on early childhood behavioural problems is partially or entirely 
accounted for by concurrent emotional symptoms (Gutteling et al., 2005; Van Batenburg-Eddes 
et al., 2013; Velders et al., 2011), it makes it difficult to interpret findings from studies that do 
not control for postnatal maternal mood (Gerardin et al., 2011; Kvalevaag et al., 2015; Zhu et al., 
2015), or those that control for postnatal maternal mood assessed only during the very early 
postnatal days (Robinson et al., 2008). 
Genetic heritability.  One of the greatest challenges faced by PNMS researchers is the 
difficulty disentangling the influence of genetic heritability from fetal programming effects.  
Studies with older children have employed genetically-sensitive designs, such as sibling, twin or 
adoption designs (Grizenko et al., 2012; Oerlemans et al., 2015) or cross-fostering with 
biologically related and unrelated mother-child dyads following in-vitro fertilisation (Rice et al., 
2010).  Marceau et al. (2013) used an adoptive design in an attempt to disentangle genetic, 
prenatal and postnatal influences on internalising and externalising problems in toddlers. A 
unique effect of birth mother perinatal internalising symptoms was found only for the withdrawal 
subscale of the CBCL internalising scale, whereas adoptive parent internalising symptoms were 
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found to have diffuse effects on both internalising and externalising behaviours overall, as well 
as all subscales within these composites.  While this methodology highlights the multiple 
genetic, prenatal and postnatal paths by which risk for behavioural problems may be conferred to 
children, the influence of genetic heritability in PNMS studies is typically controlled for by 
adjusting models for postnatal maternal mental health, with the assumption that the effects of 
PNMS should remain significant only if there is a unique contribution of stress and distress in the 
prenatal period above and beyond the contribution of postnatal mental health (O’Connor et al., 
2003).  Although this approach serves to minimise the likelihood of effects being due to genetic 
factors, there are still limits to the extent to which causal interpretations may be made in the 
absence of the “gold standard” random allocation of pregnant women to stress conditions.  
Unfortunately, it is difficult to employ randomisation in human PNMS research due to ethical 
constraints.   
Some studies have sought to disentangle intrauterine from genetic mechanisms by 
comparing the effects of prenatal maternal versus paternal emotional symptoms on child 
behaviour (Kvalevaag et al., 2015; Van Batenburg-Eddes et al., 2013; Velders et al., 2011). Two 
of these studies did not find strong evidence that the effect of prenatal maternal depression and 
anxiety symptoms was stronger than that exerted by paternal prenatal symptoms, with the effects 
of both parents’ prenatal distress on child behaviour accounted for by postnatal parental mental 
health (Van Batenburg-Eddes et al., 2013; Velders et al., 2011) indicating that some of these 
associations may be due to shared familial factors, such as genetic heritability, lifestyle factors 
and residual confounds.  In contrast, Kvalevaag et al. (2015) found that increased risk of elevated 
emotional and behavioural difficulties was more strongly predicted by the elevated prenatal 
global distress of mothers compared with fathers, with the greatest increased risk found when 
both mothers and fathers reported elevated prenatal distress.  While the authors suggested that 
this may support fetal programming mechanisms, they highlighted that their design could not 
rule out genetic transmission, and postnatal mental health was also not controlled in this study. 
Independence of stressor.  Stressful life events are generally not randomly distributed in 
the population, with individuals with certain constitutional vulnerabilities more likely to endure 
stressful experiences through self-selection or evocative processes (Jaffee et al., 2012; Kendler, 
Karkowski, & Prescott, 1999).  Prenatal stress and distress is also more common amongst 
women of younger maternal age (Rubertsson, Hellström, Cross, & Sydsjö, 2014), from lower 
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socioeconomic backgrounds (Kingston, Sword, Krueger, & Hanna, 2012; Rubertsson et al., 
2014) and who report family dysfunction both during childhood and currently (Kingston et al., 
2012).   Considering that adverse childhood experiences may alter the functioning of the HPA-
axis of both the mother and her offspring (Brand et al., 2010; Heim, Newport, Heit, & et al., 
2000), it is important to account for potentially confounding maternal background factors when 
determining the unique influence of prenatal emotional experience.  Risk factors for maternal 
emotional symptoms may also increase risk for child behavioural problems (E. D. Barker et al., 
2012), and these residual confounds can be difficult to measure and control, leading to spurious 
associations between PNMS exposure and child behavioural problems.   There is a clear need for 
methodologies that may serve to minimise these influences, within the realms of ethical research. 
Summary.  Whilst existing evidence supports the potential role of PNMS in the etiology 
of early childhood emotional and behavioural problems, there are inconsistent findings that may 
be attributed to methodological issues particular to this area of enquiry.  The confounding 
influences of the postnatal environment and genetic heritability, as well as maternal personality 
factors that may accompany greater experience of stress during pregnancy, are not easily or 
consistently addressed in existing studies.  Consequently, it is not always possible to distinguish 
fetal programming effects from other mechanisms of transmission.  Controlled and randomised 
experimental designs are necessary to resolve these issues and determine the effects of PNMS at 
different times, distinct from confounding etiological influences.  However, unlike in animal 
studies, ethical constraints restrict the adoption of designs in human research that would involve 
randomly administering stress of differing types and timing to large numbers of pregnant 
women.  An alternative approach that has been proposed is the use of a natural experiment.  
Opportunity through Tragedy: Natural Disaster Research 
A natural experiment offers an ethical alternative to a randomised design that enables the 
quasi-random assignment of stress to pregnant women to reduce the influence of relevant 
confounds (King & Laplante, 2015).  Record linkage population cohort studies have 
approximated this design by examining the behavioural and mental health outcomes of large 
samples of offspring who were in utero at the time of independent stressful events, such as wars 
(Malaspina et al., 2008; Meijer, 1985; Selten et al., 2003).  Whilst the independent nature of 
these events may reduce the influence of maternal personality and heritability factors, the lack of 
measures of the precise degree of objective exposure to the event and maternal subjective stress 
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arising from the event means that the effects of dose and type of stress remains unclear.  A 
natural disaster is another example of a natural experiment, generally affecting large 
communities, including numerous pregnant women, and allocating effects generally independent 
of socioeconomic and psychological background factors.  Typically sudden in onset and discrete 
in nature, natural disasters may affect pregnant women at different stages of their pregnancies, 
allowing moderating effects of timing of exposure to be more accurately assessed .  Additionally, 
natural disasters allow the objective and subjective effects of the exposure to be differentiated. 
Despite the promise of this methodology, the infrequent and unpredictable nature of 
natural disasters means that few studies have capitalised on these events to investigate the effects 
of PNMS in humans, and of those that do, few have reported on the effects of PNMS on child 
emotional and behavioural outcomes.  The first of these, Project Ice Storm (King & Laplante, 
2015; Laplante et al., 2004), followed the development of 224 child in utero during the 1998 ice 
storm in Quebec, Canada.  Mothers’ objective stress from the ice storm was assessed with a 
measure encompassing the domains of threat, loss, change and scope of exposure to the storm, 
with subjective stress operationalised as maternal report of posttraumatic stress (PTS) symptoms 
associated with the storm (Brunet, St-Hilaire, Jehel, & King, 2003).  Maternal disaster-related 
PTS symptoms were associated with increased internalising and externalising problems at 4 
years postpartum, and at subsequent follow-up assessments to 11.5 years old, after controlling 
for postnatal and concurrent maternal mood (King, Dancause, Turcotte-Tremblay, Veru, & 
Laplante, 2012).   As well as following up these areas of development over time, studies using 
this cohort have found an association of exposure to either high objective or high subjective 
stress with greater autistic traits at 6½ years (Walder et al., 2014) and greater eating disorder 
symptomatology at 13½ years old (St‐Hilaire et al., 2015).  Analyses examining for moderation 
by timing found that exposure during the first trimester was most predictive of autistic traits 
(Walder et al., 2014), whilst third trimester exposure had the strongest association with later 
eating pathology (St‐Hilaire et al., 2015).  Nevertheless, some limitations of Project Ice Storm 
have been highlighted, including lack of physiological data, difficulties with recruitment and data 
collection due to the logistical challenge of establishing a longitudinal study very quickly 
without funding, and an over-representation of higher socioeconomic families (King & Laplante, 
2015).  
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An independent group of researchers examined the effects of stress from Hurricane 
Katrina on child temperamental outcomes in 365 mothers who conceived prior to or shortly after 
the hurricane made landfall (Tees et al., 2010).  They assessed both objective exposure (threat, 
injury and loss) to the hurricane, as well maternal mental health outcomes through interview and 
self-report questionnaires.  Results suggested a possible postnatal pathway linking hurricane 
exposure to infant outcomes.  Rather than a direct effect of severity of objective exposure to the 
hurricane, it was a mother’s depression following the hurricane, assessed at 2 months 
postpartum, that predicted more difficult infant temperament at 2 months and 12 months.  
Additionally, infant temperament at 12 months was also predicted by increased concurrent 
maternal somatization and OCD symptoms.  Whilst this study may suggest that it is subjective 
rather than objective stress that is most important to child temperamental outcomes, the small 
proportion (24%) of mothers who were actually pregnant at the time of the hurricane, and a lack 
of subjective stress data regarding the immediate experience of the hurricane, makes the 
influence of fetal programming versus postnatal environmental influences difficult to tease out.  
The researchers highlighted the importance of improving the operationalisation of the maternal 
stress response and considering the timing of exposure on child outcomes for future research in 
this area. 
The Queensland Flood Study 
In January 2011, the state of Queensland, Australia, was affected by the most severe 
flooding event in 30 years.  Three quarters of the state was declared a disaster zone, with over 70 
towns and 200,000 people directly affected, with 29,000 homes and businesses experiencing 
some form of inundation, and  sustaining over $1 billion of property and infrastructure damage 
and resulting in 35 deaths (Queensland Floods Commission of Inquiry, 2011).   
Study Methodology. 
Study Design.  The QF2011 Queensland Flood Study ("QF2011"; King et al., 2015) was 
established to prospectively track the wellbeing of an initial cohort of 230 mothers who were 
pregnant during the floods, along with the development of their prenatally-exposed children.  
The overall QF2011 study design is described in a protocol paper (King et al., 2015), and uses a 
quasi-experimental, prospective cohort design to examine the influence of prenatal flood 
exposure on child development in a range of domains.  Information about the specific measures 
used in each of the studies of this thesis are included in Chapters 2, 5, and 7.  For the studies that 
25 
 
 
comprise this thesis, participants completed questionnaires regarding background variables, 
objective hardship from the floods, flood-related posttraumatic stress symptoms and other 
prenatal stressful life events at recruitment and 12 months post-flood.  Child behavioural 
outcome measures and maternal depressive symptoms were assessed through maternal report 
questionnaires when the study child was 16 months and 30 months old.  Maternal mind-
mindedness was assessed by researchers using a mother-infant joint play task when infants were 
16 months old.  The QF2011 protocol paper (King et al., 2015) includes details of other data 
collected at these and other time points, which are not included in this thesis.  
Recruitment.  Women (N = 230) were recruited to the QF2011 study between 4th April 
2011 and mid-January 2012, and were deemed eligible for the study if they were over 18 years 
old, had fluent English proficiency, and were pregnant with a singleton at the peak of the flood in 
Brisbane in January 2011, even if they had already delivered at the time of recruitment.  Some 
mothers were invited to participate in QF2011 after expressing interest in a randomised trial of 
caseload midwifery care (Midwives @ New Group practice Options; “M@NGO”).  Women 
were eligible for M@NGO if they were fewer than 24 weeks pregnant and planning a vaginal 
delivery.  Participants already recruited to M@NGO and those who did not meet eligibility 
criteria were presented with information on the QF2011 Study and invited to participate, which 
occurred face-to-face in the antenatal clinic, by phone or by e-mail.  New participants recruited 
to M@NGO were also provided with information on QF2011.  These women were invited to 
participate in M@NGO, QF2011 or both studies.  Recruitment for M@NGO ceased 31 May 
2011l; however, additional participants were recruited to the QF2011 Study through antenatal 
clinics, as well as newspaper, radio and internet advertisements.  The resulting sample of 
participants comprised two groups; women enrolled in both M@NGO and QF2011 (n = 108), 
and women enrolled in QF2011 only (n = 122).  Figure 1.1 depicts the cohort participant 
numbers from recruitment and across each follow-up assessment included in the present thesis.  
Demographic details concerning the samples included in each study are presented in their 
respective chapters. 
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Figure 1.1.  Flow diagram of participation at each stage of the QF2011 Study included in this 
thesis. 
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Procedure.  At each time point, participating mothers completed questionnaires online or 
by hardcopy questionnaire returned by post, depending on their preference.  At 16 months, 
mothers and toddlers were invited to attend a laboratory visit for a face-to-face developmental 
assessment (data not presented in this thesis), which included a 15-minute joint play session that 
was video-recorded for later coding by the researchers.  At the conclusion of the face-to-face 
assessment, mothers were provided with a $30 gift voucher and toddlers were given a small toy 
as compensation for their time and effort.    
Data Management and Analysis.  Data was de-identified by assigning a code and stored 
in a password-protected database on a secure research institute computer system.  Hardcopy data 
was stored in locked filing cabinets in a secure office.  All data analyses were completed using 
SPSS Version 22.0 and Process Macro versions 2.15 and 3.0 (Hayes, 2013).  The exact steps for 
each statistical analysis are included in the relevant empirical chapter.  
Ethical Approval.  Approval for the initial protocol was obtained from the Mater Human 
Research Ethics Committee (Ref: 1709M), as were the follow-up assessments at 16 and 30 
months (Ref: 1844M).  The University of Queensland provided approval for the overall study 
(Ref: 52013001236) and the studies comprising this thesis were approved by the University of 
Queensland School of Psychology (Ref: 15-PSYCH-PHD-16-JH).  All participants provided 
written consent at recruitment and at each follow-up time point.   
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QF2011 Study Previous Findings.  Findings to date suggesting that different aspects of 
flood-related stress predicts developmental alterations in a range of areas, including language, 
motor and cognitive development, and early temperament (Austin et al., 2017; Moss et al., 2017; 
Simcock, Elgbeili, et al., 2017; Simcock, Laplante, et al., 2016).  Regarding emotional and 
behavioural problems, greater flood-related objective hardship significantly predicted higher 
anxiety symptoms and was marginally associated with greater internalising symptoms in 4 year 
olds (M. A. McLean et al., 2018).  Effects have also been found for emerging social 
competencies in early childhood, with greater subjective stress associated with worse theory of 
mind at 30 months (Simcock, Kildea, et al., 2017).  No studies in the QF2011 cohort have 
examined the impact of objective and subjective stress from a prenatal natural disaster on 
emerging behavioural problems during infancy and toddlerhood, with a review of the literature 
suggesting that this also has not yet been investigated in studies of other natural disaster-exposed 
cohorts. 
Summary of Literature Review 
An accumulating body of evidence supports the role of the prenatal environment in the 
etiology of mental health problems in adolescence and adulthood.  PNMS and distress is 
associated with a range of emotional and behavioural problems in young children, including 
specific influences found for both internalising problems and externalising problems.  
Additionally, young children exposed to maternal stress and distress prenatally show delayed 
acquisition of social-emotional competence and increased autistic traits during early childhood.  
While there is evidence from both animal and human research that the effects of PNMS may be 
moderated by fetal sex and gestational timing of exposure, there are mixed results in these areas.  
Inconsistencies in findings may be contributed to by methodological differences, such as the 
varied operationalisation of PNMS, as well as specific research challenges, including the stability 
of maternal emotional distress across gestation, and difficulty accounting for genetic heritability 
and residual confounding.  Randomised experiments are needed to strengthen the evidence for a 
causal role of PNMS exposure in the etiology of child behavioural problems, to clarify who is 
most affected by PNMS, and to determine the stage of gestation when the consequences of 
exposure are most salient.   
A natural disaster offers promise as a natural experiment methodology that may minimise 
the influence of confounding psychosocial influences, whilst enabling potential moderating 
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factors to be examined.  Additionally, a natural disaster allows comparison of the effects of 
different types of stressor, such objective hardship versus an individual’s subjective experience 
of the event, the investigation of which may inform theory regarding the mechanisms by which 
PNMS exerts its effect on offspring neurodevelopment.  However, only a small number of 
studies have employed a natural disaster approach, and of these, few have examined the effects 
on behaviour and social competence in early childhood.  Further natural disaster studies may 
enable the effects of different types and timing of PNMS on child emotional and behavioural 
problems in early childhood to be investigated, as well as the moderating effects of offspring sex.  
Such studies will contribute to our understanding of the role of PNMS in the etiology of 
emotional and behavioural problems in childhood, as well as the intergenerational transmission 
of behavioural problems and mental health, whilst also informing intervention aimed at reducing 
the prevalence of child behavioural problems in the community.  
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Chapter 2: Infant Behaviour and Competence Following Prenatal Exposure to a Natural 
Disaster: The QF2011 Queensland Flood Study 
 
Chapter Overview 
This chapter consists of an empirical study investigating the prenatal effects of exposure 
to maternal stress from a natural disaster during pregnancy on maternal reports of infant social-
emotional competence and behavioural problems.      
 
Abstract 
This study utilised a natural disaster to investigate the effects of prenatal maternal stress 
(PNMS) arising from exposure to a severe flood on maternally-reported infant social-emotional 
and behavioural outcomes at 16 months, along with potential moderation by infant sex and 
gestational timing of flood exposure.  Women who were pregnant during the Queensland floods 
in January 2011 completed measures of flood-related objective hardship and posttraumatic stress 
(“PTS”).  At 16 months postpartum, mothers completed a measure of depressive symptoms  and 
infant social-emotional and behavioural problems (n = 123) and competence (n = 125).  Greater 
maternal PTS symptoms were associated with reduced infant competence.  A sex difference in 
infant behavioural problems emerged at higher levels of maternal objective hardship and PTS; 
boys had significantly more behavioural problems than girls.  Additionally, greater PTS was 
associated with more behavioural problems in boys; however, this effect was attenuated to trend-
level by adjustment for concurrent maternal depressive symptoms.  No main effects or 
interactions with gestational timing were found.  Findings highlight specificity in the 
relationships between PNMS components and reported infant behavioural outcomes.  Future 
research is needed to investigate pathways linking exposure to a natural disaster and infant 
social-emotional and behavioural outcomes.   
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Introduction 
The conditions of the intrauterine environment may shape fetal development, conferring 
risk for physical and mental health problems across the lifespan (O'Donnell & Meaney, 2017).  
One factor that may alter the prenatal environment is maternal stress during pregnancy, due to 
elevated stress hormones and other physiological changes, which may affect fetal 
neurodevelopment directly or through epigenetic processes, affecting the structure and function 
of brain areas important to the developing stress response (Bale, 2015; Charil et al., 2010; Glover 
et al., 2010; Monk, Spicer, & Champagne, 2012).  In humans, prenatal maternal stress (PNMS) 
has been operationalised variably as psychological distress (e.g., pregnancy-specific anxiety or 
depression symptoms), stressful life events (e.g. bereavement, daily hassles), with evidence of 
associations with increased emotional, behavioural and social problems in childhood (Lahti et 
al., 2017; Lin et al., 2017; O'Connor, Heron, Golding, et al., 2002; Robinson et al., 2008).  
Nevertheless, despite these associations, conjecture remains concerning the mechanisms and 
moderators of the influence of PNMS on infant and child outcomes.   
Moderators of the effects of prenatal maternal stress. 
Infant sex.  Epidemiological research has established sex differences in the prevalence of 
certain forms of social-emotional and behavioural problems (Rutter et al., 2003), and it has been 
suggested that sex-based differences in the human brain and HPA-axis stress response may 
originate during fetal development (Bale, 2009; K. P. Cosgrove et al., 2007).  The placenta may 
function differently under adverse conditions in male compared with female pregnancies 
(Clifton, 2010).  However, animal evidence is mixed concerning whether the effects of PNMS on 
behaviour may be greater for males (Bale, 2015) or females (Weinstock, 2007), and there may be 
sex-based differences in the nature of alterations to the offspring stress response following 
exposure to PNMS (Glover & Hill, 2012).  For example, animal studies suggest that males may 
demonstrate a blunted or hypoactive stress response following prenatal exposures, whereas 
females may exhibit a hyperactive response (García-Cáceres et al., 2010; Richardson et al., 
2006).  This may predict greater internalising problems (e.g., anxiety and depressive symptoms) 
in girls and greater externalising problems (e.g. attention problems, defiance, and aggression) in 
boys following PNMS exposure.  Human studies have failed to consistently replicate these sex-
based differences in the extent and type of PNMS-related consequences for child psychosocial 
development.  Some studies report greater risk of PNMS-related adverse behavioural outcomes 
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for boys (Gerardin et al., 2011; Li, 2010; Rodriguez & Bohlin, 2005; Zhu et al., 2015) and others 
for girls (Buss et al., 2012; Van den Bergh, Van Calster, Smits, Van Huffel, & Lagae, 2008), 
while others have found no moderation by sex at all (O'Connor, Heron, & Glover, 2002; 
O'Donnell, Glover, Barker, et al., 2014; Van den Bergh & Marcoen, 2004).   
Gestational timing of exposure.  The timing of exposure to PNMS during gestation may 
also be informative regarding the mechanisms and moderators of prenatal risk.  Our 
understanding of the unfolding of fetal neurodevelopment (Selemon & Zecevic, 2015), and the 
physiology of pregnancy, the placenta and the prenatal maternal stress response (Duthie & 
Reynolds, 2013; O'Donnell et al., 2012) suggests that the gestational timing of exposure to 
PNMS should impact on the nature and severity of alterations to offspring development.  
Nevertheless, few studies have examined the role of gestational timing, and those that have are 
unable to reach a consensus concerning the most sensitive period for infant and child emotional 
and behavioural outcomes.  For example, pregnancy-specific anxiety may predict greater infant 
negative affectivity at 2 years postpartum when exposed during early to mid-gestation only (M. 
M. Blair, Glynn, Sandman, & Davis, 2011).  Conversely, maternal anxiety during late pregnancy 
had a more potent influence than mid-gestation exposure for predicting behavioural problems in 
preschoolers (O'Connor, Heron, Golding, et al., 2002).  Furthermore, two studies (de Bruijn et 
al., 2009; Zhu et al., 2015) showed that the period during gestation most salient for the effects of 
PNMS on offspring behavioural problems may depend on infant sex, with a greater impact for 
boys when exposed to maternal emotional complaints or stressful life events in early to mid-
gestation, and an effect for girls when exposed late in gestation.  Additionally, the way that 
PNMS is operationalised may allow the precise timing of exposure to be isolated, as highlighted 
by Lahti et al. (2017) in relation to prenatal depression.    
Component of the stress experience.  A number of prominent theories of emotion and 
psychopathology highlight that it is not the experience of an event itself, but the interpretation or 
appraisal of the significance of it, that determines the psychological distress experienced (Ehlers 
& Clark, 2000; Ellis, 1962; Gellatly & Beck, 2016; Lazarus, 1993) and the physiological stress 
response (Gaab, Rohleder, Nater, & Ehlert, 2005; Gartland, O’Connor, Lawton, & Bristow, 
2014; Maier, Waldstein, & Synowski, 2003).  Accordingly, it may be an individual’s subjective 
experience of an event that may be important when considering the impact of PNMS on fetal 
development.   
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Most studies examining the effects of PNMS on behaviour during early childhood have 
done so using subjective measures of psychological stress and distress, such as symptoms of 
anxiety and depression or perceived impact of a life event (O'Connor, Heron, Golding, et al., 
2002; Pickles et al., 2017; Soe et al., 2016; Zhu et al., 2015).  Studies finding an effect of more 
objective measures of PNMS (e.g., frequency of certain stressful life events) on child outcomes 
did not control for the appraisal or emotional distress associated with these experiences (Lin et 
al., 2017; Robinson et al., 2008; Ronald et al., 2011).  Few studies have examined both aspects of 
the stress experience in the one cohort, and those that have sought to disentangle the objective 
from the subjective components of stress during pregnancy (Bergman et al., 2007; Gutteling et 
al., 2005) have failed to reach a consensus regarding the differential effects of these aspects of 
the stress experience.  For example, Gutteling et al. (2005) found that mothers’ level of perceived 
stress was more predictive of toddler problem behaviour than frequency of daily hassles.  
Conversely, Bergman et al. (2007) found no difference in the effects of frequency of stressful life 
events and the perceived impact of these events for predicting infant fearfulness.   
Natural disasters as “natural experiments”. Understanding the mechanisms and 
moderators of the effects of prenatal stress exposure on child behaviour is complicated by wide 
variation in the operationalization of PNMS, as well as methodological challenges inherent to 
human PNMS research, including difficulty controlling for gestational timing and the influence 
of co-occurring risk factors and residual confounds, such as genetic heritability, maternal 
personality, or lifestyle factors (King & Laplante, 2015; Kingston et al., 2012).  While ethical 
considerations limit use of experimental designs with pregnant women, there are ways to 
approximate this.  A natural disaster represents a discrete stressor exposing large numbers of 
pregnant women at varying gestational stages to a severe, sudden-onset stressor, mostly 
independent of socioeconomic, personality and genetic factors.  The timing of stress onset may 
be identified, and the effects of different elements of the maternal stress experience on child 
outcomes may be isolated.   
Prenatal natural disaster exposure and infant behavioural development. A growing 
number of studies have capitalised on the event of a natural disaster for investigating the impact 
of PNMS on child development, including those affected by the 1998 ice storms in Quebec, 
Canada (King et al., 2012; Laplante, Zelazo, Brunet, & King, 2007; St‐Hilaire et al., 2015), 
Hurricane Katrina  (Tees et al., 2010) and the floods in Iowa, USA (Yong Ping et al., 2015).  In 
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January 2011, over 70 towns and 200,000 people in the state of Queensland, Australia, were 
directly affected by the most severe flooding event in 30 years, causing over $1 billion of 
property and infrastructure damage and 35 deaths.  The QF2011 Queensland Flood Study was 
established to prospectively track the wellbeing of mothers pregnant during the floods, and the 
development of their prenatally-exposed children.   
Results to date suggest that children exposed to the Queensland floods prenatally 
demonstrate alterations in development across a range of domains (Austin et al., 2017; Moss et 
al., 2017; Simcock, Laplante, et al., 2016).  Regarding behavioural development, mothers 
reporting greater flood-related objective hardship (e.g. extent of property damage) and subjective 
stress (peritraumatic, posttraumatic and cognitive reactions) were more likely to describe their 6-
month-old infants as exhibiting more difficult aspects of temperament, with the specific impacts 
dependent on infant sex and timing of exposure (Simcock, Elgbeili, et al., 2017).  At 4 years old, 
greater flood-related objective hardship significantly predicted higher anxiety symptoms and was 
marginally associated with greater internalising symptoms (M. A. McLean et al., 2018).  
Concerning social development, there was a trend for objective hardship to be associated with 
delayed acquisition of personal-social skills at 6 months (Simcock, Laplante, et al., 2016), whilst 
greater subjective stress predicted worse theory of mind at 30 months (Simcock, Kildea, et al., 
2017). , it is unclear how increased risk due to exposure to PNMS may have manifested for this 
cohort’s behavioural development during late infancy.  Indeed, no published studies of children 
exposed to a natural disaster prenatally have examined the effects on emerging behavioural 
problems in the second year postpartum, nor have they examined the influence of PNMS on 
maternal reports of infant social competence.   
The current study.  This study forms part of QF2011, utilising maternal exposure to the 
Queensland 2011 floods during pregnancy as an independent stressor to investigate the 
relationship of PNMS with infant social-emotional and behavioural problems and competence in 
infants at 16 months.  To explore the influence of different aspects of the maternal stress 
experience, and in accordance with Lazarus (1991), the influence of a mother’s objective 
hardship from the floods was examined, along with posttraumatic stress (PTS) symptoms in 
relation to the floods.  We also investigated potential moderation of these PNMS effects by 
infant sex and gestational timing of stress exposure, and models were run before and after 
adjustment for the influence of concurrent maternal depressive symptoms at 16 months 
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postpartum.  It was hypothesised that flood-related objective hardship and PTS symptoms would 
be associated with increased infant behaviour problems and poorer acquisition of social-
emotional competence, with these effects moderated by infant sex and gestational timing.  
Moderation analyses were exploratory due to conflicting findings in the literature concerning 
infant sex and gestational timing.  Additionally, a specific prenatal influence was predicted, with 
the effects of PNMS evident independent of concurrent maternal depressive symptoms. 
Method 
Participants and Procedure.  Mothers (N = 230) were recruited to the QF2011 
Queensland Flood Study 4 to 12 months after the flood through a large tertiary hospital.  
Eligibility criteria for QF2011 included: (a) pregnant with a singleton during the floods; (b) 
fluency in English; (c) age over 18 years.  Detailed information regarding the QF2011 study 
methodology is available (King et al., 2015).   Mothers were recruited through hospital antenatal 
classes and maternity ward staff.  Informed consent was obtained from all mothers included in 
the study, with ethical approval obtained from University of Queensland School of Psychology 
and Mater Human Research Ethics Committee (Ref: 1844M). 
Eligible mothers who completed questionnaires regarding their exposure and reactions to 
the flood at recruitment into the study, and/or 12-months post-flood, completed follow-up 
questionnaires at 6-months and 16-months postpartum regarding their own psychosocial 
functioning.   At 16 months postpartum, mothers (n = 146) also completed questionnaires 
concerning their infants’ behaviour.  Of these, 19 participants were excluded for the following 
reasons: gestational age at birth < 36 weeks (n = 2); and completion of follow-up questionnaire 
when infants were older than 18 months (n =17), in order to ensure a developmentally 
homogenous infant sample.  Complete questionnaire data was available for 127 mothers and 
infants, of which 32 mothers (25.2%) were pregnant at the time of completion of recruitment 
questionnaires, with 95 (74.8%) postnatal completions.  Mothers participating in the 16-month 
follow-up were mostly Caucasian (97.5%), married or in de facto relationships (90.8%), with 
61% reporting a weekly pre-tax household income greater than the 2017 median Australian 
income of $1400 (Australian Bureau of Statistics, 2017).  Approximately half of mothers 
(54.2%) were primiparous with the study infant.  
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Measures. 
Socio-economic and obstetric information.  Gestational age at birth and birthweight 
were obtained from hospital records.  Socio-economic status was estimated using Australian 
Bureau of Statistics’ Socio-Economic Indexes for Areas (SEIFA) scores based on census data 
regarding postcode.  SEIFA scores have a mean of 1000 (SD = 100), with higher scores 
indicating greater socio-economic advantage of the neighbourhood of residence.  Mothers 
reported on income and education (years of schooling). 
Prenatal maternal stress.  Objective hardship was estimated using the Queensland Flood 
Objective Stress Scale (QFOSS; King et al., 2015), based on previous disaster research (Brock et 
al., 2015; Yong Ping et al., 2015)  and tailored to the unique circumstances of the Queensland 
floods to maximise sensitivity.  QFOSS assessed four dimensions of flood-related hardship:  (a) 
Threat (e.g., “Were you injured?”), (b) Loss (e.g., “Did you experience loss of personal 
income?”), (c) Scope (e.g., “How many days were you without electricity?”), and (d) Change 
(e.g., “Did you spend any time in a temporary shelter?”).  Each dimension was scored between 0 
(no impact) and 50 (extreme impact), with dimensions summed to find a total QFOSS score 
(maximum of 200 points), where higher scores indicated greater flood exposure. 
As a measure of subjective response to the floods, PTS symptoms were assessed using 
the 22-item Impact of Events Scale-Revised (IES-R; Weiss & Marmar, 1997), which has been 
used extensively in natural disaster research (Grimm, Hulse, Preiss, & Schmidt, 2012; Paxson, 
Fussell, Rhodes, & Waters, 2012), including during pregnancy (King et al., 2012; Qu et al., 
2012) and possesses sound psychometric properties (Creamer, Bell, & Failla, 2003).  The current 
study utilised a total PTS score for analyses, reflecting total distress experienced due to intrusion, 
avoidance and hyperarousal symptoms in relation to the flood.  With a maximum total score of 
88, a cut-off score of 33 has been used to indicate clinically significant symptoms (Creamer et 
al., 2003).   
To control for non-flood sources of PNMS, mothers completed the Life Experience 
Survey (LES; Sarason, Johnson, & Siegel, 1978) at 6 months postpartum.  The LES lists 57 life-
events and invites the mother to indicate whether they experienced each event, and the impact on 
them using a 7-point Likert scale from “extremely negative” to “extremely positive”.  To reduce 
participant burden, the list of life events was shortened to 26 items by removing events less 
relevant to the sample (e.g., “retirement from work”).  The total number of life events during 
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pregnancy that mothers rated as negative (“negative life events” or “NLEs”) was used in the 
current study.   
Concurrent maternal depressive symptoms.  Mothers completed the short-form 
Depression Anxiety and Stress Scales (DASS-21; Lovibond & Lovibond, 1995) at 16 months, 
endorsing the degree to which they experienced a range of symptoms using a 4-point scale, 
yielding three subscales: depression, anxiety and stress.  Only the depression subscale was used 
in the present study, based on previous evidence of an increased risk of depression following 
exposure to a natural disaster (Brock et al., 2015; Fergusson, Horwood, Boden, & Mulder, 2014; 
Qu et al., 2012), an association between maternal depressive symptoms and child behaviour (E. 
D. Barker et al., 2011; Feldman et al., 2009), and to control for the influence of maternal mood 
on reports of child behaviour (Najman et al., 2001).  Cut-off scores for normal (0-9), mild (10-
13), moderate (14-20), severe (21-27), and extremely severe (28+) levels of depression 
symptoms are provided in the manual (Lovibond & Lovibond, 1995).   
Infant social-emotional and behavioural problems and competence.  The Brief Infant-
Toddler Social and Emotional Assessment (BITSEA; Briggs-Gowan & Carter, 2006) is a 42-
item parent-report screen designed for children between 1 and 3 years, with 31 items regarding 
child social-emotional and behavioural problems, including aggression, defiance, overactivity, 
anxiety, withdrawal and negative emotionality (BITSEA Problems or BITSEA/P), and 11 items 
assessing social-emotional competence, including empathy, compliance and prosocial behaviour 
(BITSEA Competence or BITSEA/C).  At 16 months, mothers were invited to rate items 
between 0 (“not true/rarely”) and 2 (“very true/often”) according to their infant’s behaviour over 
the preceding month, with higher BITSEA/P scores indicating greater problems and higher 
BITSEA/C scores reflecting greater competence.  The BITSEA has strong psychometric 
properties and predictive validity (Briggs-Gowan & Carter, 2008; Briggs-Gowan, Carter, Irwin, 
Wachtel, & Cicchetti, 2004), along with general screening accuracy for detecting children 
requiring referral to a mental health service (Ingrid Kruizinga, Jansen, Mieloo, Carter, & Raat, 
2013), and for autistic spectrum disorder (ASD) risk (I. Kruizinga et al., 2014).   
Statistical analysis.  Missing data at recruitment on flood variables were imputed using 
data obtained at 12-months post-flood (refer King et al., 2015).  Two mothers were missing 
BITSEA/P scores due to excessive missing items on this subscale (Briggs-Gowan & Carter, 
2006), resulting in the difference in sample size for the two outcome variables.  As QFOSS, IES-
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R, BITSEA/P, and a number of potential covariates displayed skewed distributions, Spearman’s 
Rho was used for bivariate analyses and medians are included in descriptive statistics.  For main 
analyses, variables were transformed where required to correct for positive skewness (Field, 
2013; Tabachnick & Fidell, 2013).  Diagnostic analyses were conducted to ensure that regression 
assumptions were met, and two multivariate outliers were excluded due to evidence of maternal 
unreliable or invalid responding on questionnaires, giving a final analysis sample size of 123 for 
BITSEA/P and 125 for BITSEA/C.  Given small sample size, only potential covariates 
demonstrating significant or near-significant (p < .1) correlations were included in multivariate 
analyses (refer Table 2.1).   
 
Table 2.1 
 
Descriptive Statistics and Spearman’s Rho Correlations with Infant Outcomes 
 
     BITSEA 
 M SD Median Range Problems Competence 
PNMS Variables       
Objective hardship 20.58 17.38 14.00 2 - 81 .06 -.11 
PTS Symptoms 6.56 11.30 1.60 0 – 66 .08 -.22* 
Moderators 
Infant sex  
 
52.8% boys 
47.2% girls 
  
 
 
-.19* 
 
 .27** 
Gestational timing of flood       
- Days  130.68 79.79 123.02 -2.02 – 264 .06 -.02 
- Trimester  36% 1st trimester     
 36% 2nd trimester     
 28% 3rd trimester     
Covariates 
Maternal age at birth 
 
32.14 
 
4.92 
 
32.31 
 
19.55 – 47.33 -.05 -.14 
SEIFA 1056.57 54.37 1070.00 902 - 1175 -.09 -.01 
Maternal education 15.64 2.72 16.00 10 - 19 -.01 -.00 
Prenatal NLEs 1.20 1.80 0.00 0 - 8 .03 -.22* 
Gestation at birth (weeks) 39.46 1.23 40.00 36 - 42 -.01  .06 
Birthweight (grams) 3583.14 455.25 3576.00 2712 – 5050 -.03 -.05 
Maternal MH       
16m Depression (DASS) 4.84 5.89 2.00 0 - 26 .30** -.14 
Infant Variables       
Infant age (months)  16.10 .78 16.07 14 – 17.81 -.00 -.07 
BITSEA Problems 9.80 5.63 9.00 0 – 27 - -.28** 
BITSEA Competence 16.49 2.64 17.00 9 - 22 -.28** - 
Note.  BITSEA = Brief Infant-Toddler Social and Emotional Assessment; PTS Symptoms = posttraumatic stress 
symptoms; SEIFA = Socio-Economic Indexes for Area; Prenatal NLEs = prenatal negative life events; DASS = 
Depression Anxiety Stress Scales; Infant age = infant age at 16m follow-up 
a Coded 0 = boy, 1 = girl. 
** p < .01,  * p < .05, ^ p < .1. 
39 
 
 
Table 2.2 
 
Spearman’s Rho Correlations among Prenatal Maternal Stress and Concurrent Maternal 
Depressive Symptoms  
 
 1 2 3 4 
1. Objective hardship   -    
2. Posttraumatic symptoms .58**   -   
3. Prenatal negative life events .26** .23*   -  
4. Maternal depressive symptoms 16 months .19* .15^ .18^  - 
** p < .01,  * p < .05, ^ p < .1. 
 
 
Results 
Participant characteristics.  Descriptive data (Table 2.1) show a wide range of flood-related 
PNMS scores in the current sample, with significant Spearman’s rho inter-correlations between 
different flood stress measures (see Table 2.2).  Mean and median maternal PTS symptom scores 
were considerably lower than the accepted IES-R cut-off of 33 for probable posttraumatic stress 
disorder, with 4% of mothers reporting clinically-significant PTS symptoms.  Most mothers 
(82.4%, n = 103) reported concurrent depressive symptoms in the normal range.   PNMS 
variables showed significant Spearman’s rho inter-correlations (see Table 2.2).   
Attrition Analyses.  Comparing mothers who completed the 16-month follow-up 
questionnaire with those who did not respond at this time point found no differences on flood-
related objective hardship or PTS symptoms, or concurrent depressive symptoms.  Participating 
mothers were older (M = 31.83, SD = 4.84, versus M =29.73, SD= 5.80, t(149.09) = 2.80, p = 
.006), had more years of schooling (M = 15.51, SD = 2.69, versus M = 13.60, SD = 2.14, 
t(202.91) = 5.88, p <.001), and were later in gestation during the floods (M = 130.05, SD = 77.26 
versus M = 92.78 days, SD = 61.36, t(205.57) = 4.03, p < .001) compared with mothers whose 
data was unavailable.  
BITSEA Problems.  BITSEA/P scores were consistent with norms reported for a 
community cohort (Briggs-Gowan et al., 2004), with 32 infants (26%) in the “possible problem” 
range based on a BITSEA/P cut-off score of 13 reflecting the top 25th percentile based on the 
normative sample.  There were no significant bivariate correlations between PNMS variables and 
BITSEA/P scores (see Table 2.1).  Maternal depressive symptoms at 16-months showed 
significant correlations with BITSEA/P, with greater depression associated with more infant 
problems.  Of the potential covariates, infant sex was negatively correlated (p = .04) with 
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BITSEA/P, indicating that mothers of boys reported greater infant problems.  Hierarchical 
regression analyses controlling for infant sex revealed that objective hardship and PTS symptoms 
were not significantly associated with BITSEA/P scores.  Furthermore, timing of flood exposure 
during gestation did not emerge as a significant predictor or a moderator of the association of 
objective hardship or PTS symptoms with infant problems.  Moderation analyses, controlling for 
flood-related PTS symptoms and infant sex, found a significant interaction between objective 
hardship and sex for predicting BITSEA/P (p = .049, see Table 2.3a); however, the positive 
conditional effect for boys (1.37, SE = 1.03, p = .189) and the negative effect for girls (-1.22, SE 
= 1.03, p = .241) were both nonsignificant. The overall model explained 7.6% of variance in 
BITSEA/P scores (F (4, 118) = 2.44, p = .05).  Adjusting for maternal depressive symptoms at 
16 months increased variance explained by the model to 15.8% (F (5, 117) = 4.38, p = .001), and 
explained unique variance in the prediction of BITSEA/P scores (β = .29, p = .001).  The 
objective hardship by sex interaction remained significant (p = .049), and the conditional sex 
effects nonsignificant, although the directions of effects were the same.  Probing the interaction 
in the adjusted model found a significant sex difference in BITSEA/P at log-transformed QFOSS 
scores greater than 2.88, reflecting a back-transformed QFOSS score of 17.81, a value slightly 
below the mean, but higher than the median for the sample (see Figure 2.1).   
The effect of PTS on BITSEA/P was moderated by infant sex (refer Table 2.3b), with the 
interaction explaining an additional 3.4% of variance (p = .04) in scores in the unadjusted model.  
Probing the interaction revealed that greater PTS symptoms were associated with increased 
problems in boys only (coefficient = 1.25, SE = .63, p = .048; for girls, coefficient = -.55, SE = 
.74, p = .465).  The overall model explained 7.9% of variance in BITSEA/P scores (F (4,118) = 
2.54, p = .044).   Adjusting for maternal depressive symptoms (β =.28, p = .002) improved model 
fit, explaining 15.1% of variance in BITSEA/P scores (F (5, 117) = 4.18, p = .002), but reduced 
the PTS by sex interaction effect to a trend (p = .082).  The conditional effect for boys was also 
reduced to a trend (p = .067; girls p =.624).  The J-N technique performed on the adjusted model 
found a significant sex difference in BITSEA/P at log-transformed IES-R scores greater than 
1.43 , equating to back-transformed IES-R score of 3.18, which is well below the mean and 
median for this sample (Figure 2.2). 
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Table 2.3 
 
Hierarchical Multiple Regression Analyses for Predicting Infant Behavioural Problems Scores, Before and After Adjustment for 
Maternal Depressive Symptoms   
 
  Unadjusted Adjusteda 
 Model B SE β p ∆R2 B SE β p ∆R2 
             
  a) Objective hardship x infant sex           
1 Infant sexb  -1.98 1.00 -.18 .051 .03^ -1.71 0.96 -.15 .078 .02^ 
2 Infant sexb -1.93 1.01 -.17 .059 .01 -1.71 0.97 -.15 .081 .00 
 Objective hardship 0.56 0.66 .08 .391  0.08 0.65 .01 .897  
3 Infant sexb -1.89 1.01 -.17 .064 .01 -1.67 0.97 -.15 .088 .01 
 Objective hardship 0.07 0.81 .01 .931  -0.40 0.79 -.06 .611  
 Posttraumatic stress symptoms 0.55 0.54 .11 .309  0.54 0.51 .11 .294  
4 Infant sexb 5.31 3.74 .47 .159 .03* 5.22 3.59 .47 .149 .03* 
 Objective hardship 1.37 1.04 .19 .189  0.85 1.01 .12 .401  
 Posttraumatic stress symptoms 0.49 0.53 .10 .356  0.49 0.51 .10 .339  
 Objective hardship x infant sex -2.58 1.30 -.68 .049  -2.48 1.24 -.65 .049  
             
  b) Posttraumatic stress symptoms x infant sex         
1 Infant sexb  -1.98 1.00 -.18 .051 .03^ -1.71 0.96 -.15 .078 .02^ 
2 Infant sexb -1.93 1.01 -.17 .059 .01 -1.71 0.97 -.15 .081 .00 
 Objective hardship 0.56 0.66 .08 .391  0.08 0.65 .01 .897  
3 Infant sexb -1.89 1.01 -.17 .064 .01 -1.67 0.97 -.15 .088 .01 
 Objective hardship 0.07 0.81 .01 .931  -0.40 0.79 -.06 .611  
 Posttraumatic stress symptoms 0.55 0.54 .11 .309  0.54 0.51 .11 .294  
4 Infant sexb 0.38 1.48 .03 .796 .03* 0.18 1.42 .02 .901 .02^ 
 Objective hardship 0.16 0.80 .02 .844  -0.30 0.79 -.04 .703  
 Posttraumatic stress symptoms 1.25 0.63 .26 .048  1.12 0.61 .23 .067  
 Posttraumatic stress symptoms x infant sex -1.80 0.87 -.31 .040  -1.47 0.84 -.25 .082  
a Models adjusted for concurrent maternal depressive symptoms; b Coded Boy = 0, Girl = 1  
** p < .01,  *  p < .05, ^ p < .1 
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Figure 2.1.  The moderating effect of infant sex on the relationship between objective hardship 
and infant problems, adjusted for maternal depressive symptoms, with the region of significance 
(p = .05) indicated to the right of the vertical dashed line. 
 
 
 
Figure 2.2.  The moderating effect of infant sex on the relationship between posttraumatic stress 
symptoms and infant problems, adjusted for maternal depressive symptoms, with the region of 
significance (p = .05) indicated to the right of the vertical dashed line. 
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BITSEA Competence.  BITSEA/C scores were consistent with community norms 
(Briggs-Gowan et al., 2004), with the scores of nine infants (7.2%) in the “possible delay/deficit” 
range based on scores below 12, representing the bottom 15th percentile of the normative sample 
(Briggs-Gowan & Carter, 2006; Briggs-Gowan et al., 2004).  As detailed in Table 2.1, PTS 
symptoms were negatively associated with BITSEA/C scores (p = .014), indicating that the 
greater the maternal PTS scores, the lower the infant competence.  Infant sex and total number of 
NLEs during pregnancy demonstrated significant correlations with BITSEA/C, with greater 
infant competence in girls (p =.003) and in infants of mothers with fewer prenatal negative life 
events other than the flood (p =.009).   
Despite not demonstrating a significant association with concurrent maternal depressive 
symptoms, all significant models were adjusted for this variable to determine the independence 
of prenatal effects from postnatal maternal mood influences. Hierarchical regressions predicting 
BITSEA/C scores found no main effects for objective hardship or gestational timing, and no 
significant interactions were detected between objective hardship or PTS symptoms and either 
infant sex or gestational timing.  Greater PTS significantly predicted lower BITSEA/C scores 
when controlling for infant sex, prenatal NLEs and objective hardship, which remained 
significant (p = .035) upon adjustment for concurrent maternal depressive symptoms (β =-.09, 
ns; Table 2.4).  Girls demonstrated greater BITSEA/C scores in the multivariate model, before (p 
= .003) and after (p = .004) adjustment for concurrent maternal depressive symptoms; however, a 
trend for greater maternal non-flood negative life events to be associated with lower BITSEA/C 
scores (p = .068) attenuated after adjustment (p = .100).  The final adjusted model explained 
15.3% of variance in BITSEA/C (F (5, 119) = 4.307, p = .001). 
 
 
44 
 
 
Table 2.4 
Hierarchical Multiple Regression Analyses for Predicting Infant Social-Emotional Competence 
Scores, Before and After Adjustment for Maternal Depressive Symptoms   
 
  Unadjusted Adjusteda 
 Model B SE β p ∆R2 B SE β p ∆R2 
1 Infant sexb 1.39 0.45 .27 .002  .11** 1.37 0.45 .26 .003  .10** 
 Prenatal negative life events -1.70 0.78 -.19 .031  -1.52 0.79 -.17 .057  
2 Infant sexb 1.39 0.45 .26 .003  .00 1.37 0.45 .26 .003  .00 
 Prenatal negative life events -1.62 0.81 -.18 .048  -1.49 0.82 -.16 .072  
 Objective hardship -0.09 0.30 -.03 .757  -0.05 0.31 -.02 .872  
3 Infant sexb 1.35 0.45 .26 .003  .03* 1.33 0.45 .25 .004  .03* 
 Prenatal negative life events -1.48 0.80 -.16 .068  -1.35 0.81 -.15 .100  
 Objective hardship 0.34 0.36 .10 .346  0.39 0.37 .11 .291  
 Posttraumatic stress symptoms -0.51 0.24 -.23 .035  -0.50 0.24 -.23 .035  
a Models adjusted for concurrent maternal depressive symptoms; b Coded Boy = 0, Girl = 1  
** p < .01,  *  p < .05, ^ p < .1. 
 
Discussion 
The current findings suggest that exposure to the floods was associated with maternally-
reported infant development in domain-specific ways.  Greater PTS from the floods was 
associated with more problems in boys; however, the reduced effect after adjusting for maternal 
depressive symptoms suggests a role of the postnatal environment.  The effect of objective 
hardship on problems was also moderated by infant sex, indicating a significant difference in the 
slopes for girls (negative) and boys (positive).  When maternal objective hardship was slightly 
above the median, boys had significantly more problems than girls; however, the conditional 
effect of objective hardship on problems was not significant for either boys or girls.   
For maternally-reported infant social-emotional competence, greater PTS symptoms were 
associated with lower competence, with no moderation of effects by infant sex or timing for this 
outcome.  Although this prenatal effect on social development conflicts with some existing 
studies (Karam et al., 2016; Kvalevaag et al., 2015), the current results are consistent with 
delayed acquisition of social competencies in infants of mothers higher in prenatal trait anxiety 
(Koutra, 2013) and maternal subjective distress in the QF2011 cohort  s(Simcock, Kildea, et al., 
2017).  Together, these findings lend support to a potential enduring effect of PNMS on 
offspring social-emotional development from early infancy to toddlerhood.  Delayed acquisition 
of social competencies is among the vulnerabilities associated with autistic spectrum disorder 
(ASD; American Psychiatric Association, 2013).  Accordingly, our findings are also consistent 
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with evidence of increased autistic traits among children exposed to PNMS (Class et al., 2014; 
Kinney, Miller, et al., 2008; Walder et al., 2014), possibly reflecting a programming effect of 
PNMS exposure on fetal neurodevelopment, particularly the hippocampus and HPA-axis (Charil 
et al., 2010).   
Alternatively, rather than  mothers’ greater PTS symptoms conferring risk for delayed 
competence, the results may indicate that mothers with lower levels of flood-related symptoms 
may have conferred enhanced competence in their infants, particularly considering that mothers’ 
objective exposure to the floods was controlled.  In a recent exploratory study, Phua et al. (2017) 
found that infant socio-emotional competence at 12 months was better predicted by factors 
reflecting positive maternal mental health during pregnancy than those assessing 
psychopathology.  Accordingly, the association between PTS and infant competence in this study 
may reflect an influence of maternal resilience under conditions of adversity, which may also be 
influenced by genetic heritability (Eid, Riemann, Angleitner, & Borkenau, 2003).  Including a 
measure of prenatal maternal wellbeing in future PNMS studies would enable this potential 
mechanism to be further explored. 
There are established sex-based differences in the prevalence of certain types of 
behavioural problems, which may be influenced by sexually-dimorphic responses to exposure to 
PNMS (Glover & Hill, 2012).  The current study found evidence for this, with the effects of both 
flood-related stress measures showing evidence of moderation by infant sex.  Although greater 
objective hardship was not associated with significantly more problems for either sex, it 
contributed to a sex difference in scores between boys and girls, with boys showing significantly 
higher problems than girls only after being exposed to the flood at greater levels.  Accordingly, 
although objective hardship did not predict significantly increased behavioural problems, these 
findings may reflect sexually-dimorphic responses under conditions of prenatal adversity, with 
this specific pattern of results consistent with theories that predict greater PNMS-related 
behavioural alterations in boys which may be contributed to by the interaction of maternal stress 
physiology with fetal testosterone (Davis & Pfaff, 2014; Rutter et al., 2003).   
Additionally, boys exposed to more maternal PTS symptoms were described by their 
mothers as displaying significantly greater behavioural problems.  Exposure to a natural disaster 
during pregnancy is associated with increased maternal depressive symptoms up to 2.5 years 
after the event (Brock et al., 2015), and greater objective hardship from the floods was associated 
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with higher levels of maternal depressive symptoms at 16 months postpartum in the present 
cohort.  Substantial evidence suggests that greater symptoms of maternal depression is associated 
with more offspring behavioural problems during infancy and early childhood (Bayer, Hiscock, 
Ukoumunne, Price, & Wake, 2008; Gjerde et al., 2017; Prenoveau et al., 2017).  Accordingly, it 
is possible that the impact of flood-related PNMS on infant behaviour may have operated by 
altering the postnatal environment, reflected in concurrent maternal mental health (E. D. Barker 
et al., 2011; Rice et al., 2010).  Given the pattern of results in the current study, it may be 
speculated that the behaviour of boys was more sensitive to the influence of maternal depressive 
symptoms than girls (Tronick & Reck, 2009), as was found by Edwards and Hans (2016).  
Overall, these results highlight the importance of future research considering the multiple 
pathways through which prenatal natural disaster exposure may increase risk of poorer infant and 
child outcomes, and the moderators of this.  
The lack of an interaction of PNMS with gestational timing for our infant outcomes is 
concordant with some previous studies (O'Donnell, Glover, Barker, et al., 2014; Robinson et al., 
2011), but contrasts with other PNMS research (O'Connor, Heron, & Glover, 2002; Van den 
Bergh & Marcoen, 2004) including our study finding late-pregnancy exposure to  PNMS to be 
most influential for child motor and cognitive development in the QF2011 cohort (Moss et al., 
2017; Simcock, Kildea, et al., 2016) and others (Cao, Laplante, Brunet, Ciampi, & King, 2014).  
It is likely that the importance of timing differs according to child outcome due to the specific 
neurological structures and developmental processes involved.  Conversely, moderation of 
PNMS by timing may also depend on infant sex (de Bruijn et al., 2009), which we were unable 
to investigate due to sample size, but should be considered in future. 
The current study has a number of strengths, including its prospective design and the 
quasi-random allocation of stress condition characteristic of a natural disaster; however, like 
other studies capitalising on a “natural experiment” (Rutter, 1998), certain limitations were 
unable to be avoided.  Although our measure of objective hardship assessed level of flood 
exposure, with a broad range of flood experiences reported (from the complete loss of one’s 
home to no exposure at all), our study did not include a completely unexposed control group.  On 
the other hand, our wide range of exposure levels renders this a “dose-response” study rather 
than a “case-control”, allowing us to indicate the exact level of exposure results in significant 
effects.   Similarly, the logistical challenges that characterise the initiation of a natural disaster 
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study resulted in a modest sample size, which may have limited available power to detect effects.  
While there was also sizeable attrition between recruitment and follow-up at 16 months, 
simulation studies have found that, while selective dropout from cohort studies may bias 
prevalence rates of behavioural problems, there is no substantial impact on the validity of 
associations with predictor variables (Gustavson, Von Soest, Karevold, & Røysamb, 2012; 
Wolke et al., 2009).  As the current study relied on maternal report to assess both PNMS and 
infant outcomes, shared method variance should be considered when interpreting these findings, 
particularly with respect to maternal subjective stress.   However, while maternal mood may 
influence ratings of child behaviour (Najman et al., 2001), the influence of reporter bias on 
results was reduced by adjusting for concurrent maternal depressive symptoms.   
Conclusions and Implications.  The present findings suggest that exposure to a natural 
disaster during pregnancy had domain-specific effects on infant behavioural development.  
Flood-related objective hardship contributed to a sex difference in behavioural problems, with 
boys demonstrating higher scores than girls.  Greater maternal PTS symptoms predicted worse 
infant social-emotional competence, as well a trend-level effect predicting more behavioural 
problems for boys only; however, this latter association of PTS with problems for boys was 
largely accounted for by maternal depressive symptoms at 16 months.   As these associations 
were occurring within the normal range of scores for infant behaviour, these findings may 
suggest that infants exposed to greater flood-related stress in utero were developing “less well” 
than expected, which may increase risk for psychopathology in the context of other risk factors 
over development.  These results underscore the importance routine monitoring of the experience 
of stress and distress by women during pregnancy, and in particular, the wellbeing of pregnant 
women exposed to a natural disaster.    
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PART II: 
 
POSTNATAL AND CONCURRENT PREDICTORS OF 
CHILD BEHAVIOURAL OUTCOMES 
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Chapter 3: Prenatal Maternal Stress and the Postnatal Environment:  Potential Mediating 
and Moderating Relationships 
 
Chapter Overview  
Pregnancy may reflect a particularly sensitive period for the developmental programming 
of the fetal brain; however, this period of plasticity does not end at birth.  This chapter will 
consider theory and evidence for the influence of the quality of the postnatal environment on 
child behavioural outcomes, with a particular focus on maternal mental health and mother-infant 
interaction.  The relationship of these influences with prenatal maternal stress and distress 
(“PNMS”) for predicting child outcomes will be reviewed, including potential mediating and 
moderating processes.   
 
Developmental Programming Influences in the Postnatal Environment 
The ground-breaking work of D. J. Barker, Winter, Osmond, Margetts, and Simmonds 
(1989) triggered intense interest in developmental programming by the intrauterine environment, 
meanwhile evidence for the role of experience in the postnatal environment for influencing the 
developing brain (Francis, Diorio, Liu, & Meaney, 1999; Greenough, Black, & Wallace, 1987) 
signalled that developmental programming may not end at birth.  Rapid neurodevelopment 
continues through the postnatal period, with certain domains of brain development guided by the 
presence and quality of early environmental input (Francis et al., 1999; Greenough et al., 1987; 
Gunnar & Donzella, 2002; Johnson, 2001).  Theories such as DOHaD (Gluckman et al., 2010) 
and the Adaptive Calibration Model (ACM; Del Giudice, Ellis, & Shirtcliff, 2011) have sought 
to take these postnatal influences into account, suggesting that the developmental trajectory of an 
organism or individual may adapt according to the characteristics of both the prenatal and 
postnatal environment.  Such early plasticity may function to assist the infant to adapt to the 
environment, serving to enhance the likelihood of survival to reproductive age (Moore et al., 
2017), with maladaptive outcomes arising if the adult environment does not match that forecast 
by early experience (Nederhof & Schmidt, 2012). 
The difference between DOHaD and ACM concerns the timing of most importance for 
these programming influences.  Whereas DOHaD considers the plastic phase to be limited to 
very early in development, ACM suggests that there are several transition points across 
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childhood and adolescence when plasticity is again heightened, reflecting periods during which 
the developing HPA-axis is more prone to being “recalibrated” by proximal environmental cues.  
Furthermore, ACM draws on other evolutionary-developmental theories such as “biological 
sensitivity to context theory” (Boyce & Ellis, 2005) and “differential susceptibility theory” 
(Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007), to suggest that individuals vary in 
their malleability by postnatal environmental influences.  These theories highlight evidence that 
certain genetic (e.g., variants of the dopamine receptor gene, DRD4 and the serotonin transport 
gene, 5-HTTLPR) and phenotypic markers (e.g., HPA-axis reactivity and difficult temperament) 
may be associated with increased adaptive plasticity, with individuals with these markers 
showing enhanced sensitivity to the influence of experience in a “for better or for worse” fashion 
(Belsky & Pluess, 2009).  The stress response of the developing child may serve as a filter of 
incoming environmental input, whilst also being progressively calibrated and recalibrated by this 
input across development (Del Giudice, 2015).   
Extending these ideas to the PNMS literature, Pluess and Belsky (2011) proposed that 
children who are exposed to PNMS may show early sensitivity (e.g., greater stress reactivity), 
rendering them more likely to suffer from negative outcomes in a suboptimal postnatal 
environment, but may also be expected to thrive and excel in positive and supportive conditions.  
In contrast, low sensitivity children would be expected to be less affected by negative early 
postnatal experiences, but will also be less likely to exhibit enhanced functioning under 
favourable circumstances (Pluess & Belsky, 2011).  In other words, it may be hypothesised that 
early exposure to PNMS may program the stress response to be more sensitive to the postnatal 
environment, with young children exposed to high levels of PNMS expected to show worse 
behavioural development than non-exposed children under suboptimal postnatal conditions, but 
better functioning than their peers when the postnatal environment is positive.   
Prenatal Maternal Stress and the Postnatal Environment 
The conditions of the postnatal rearing environment may influence risk for early 
childhood behavioural problems by determining the quality of environmental input available, 
which may influence the neurological precursors of healthy emotional and behavioural 
regulation (Greenough et al., 1987; Gunnar & Hostinar, 2015).  Two qualities of the postnatal 
environment with particular relevance to the ecology of the infant and young child include 
maternal mental health, particularly depression, and the quality of maternal caregiving and 
51 
 
 
mother-infant interaction.  The following section will consider both of these postnatal factors as 
potential mediators and moderators of the effects of PNMS on behavioural problems in early 
childhood.   
Maternal depressive symptoms.  Maternal depressive symptoms, both in the postnatal 
period (i.e., the first 12 months post-birth; Agnafors et al., 2016; Bagner et al., 2010; Pemberton 
et al., 2010) and during the child’s early years (Bayer et al., 2012; Fihrer, McMahon, & Taylor, 
2009), has been associated with greater risk of internalising and externalising problems in early 
childhood.  There is some conjecture in the literature regarding the developmental period most 
sensitive to the effects of maternal depressive symptoms, with evidence that concurrent maternal 
depressive symptoms is more predictive of young children’s emotional and behavioural 
problems than maternal mood during the postnatal period (Gjerde et al., 2017).  Alternatively, 
concurrent mood may partially mediate the effects of postnatal depression on child outcomes 
(Fihrer et al., 2009; Giallo, Cooklin, Wade, D'Esposito, & Nicholson, 2014), or it may be the 
persistence and severity of maternal symptoms of psychopathology across the perinatal and early 
childhood period, rather than the timing per se, that is most important for predicting child 
adjustment (Giallo, Woolhouse, Gartland, Hiscock, & Brown, 2015; Prenoveau et al., 2017). 
The influence of maternal postnatal and concurrent mood on child behaviour may be 
explained by genetic heritability or residual confounding, with individual differences in child 
behaviour potentially accounted for by continued exposure to an unmeasured factor (e.g., 
interparental conflict), which may increase risk both for maternal prenatal and concurrent mental 
health, as well as child behavioural problems (E. D. Barker et al., 2012).  However, there may 
also be neurophysiological effects of maternal depression on infant development, with evidence 
that early exposure to clinically significant maternal depression is associated with altered infant 
HPA axis stress responsivity (Feldman et al., 2009; Laurent, 2017).  This may be due to a 
tendency for mothers and infants to exhibit attunement in their HPA-axis activity (Hibel, 
Granger, Blair, & Finegood, 2015), which may be heightened in the presence of maternal 
postnatal depressive symptoms, suggesting possible adaptation of the infant stress response to 
that of the mother (Laurent, Ablow, & Measelle, 2011).   
A second mechanism, which has received considerably more attention, is that maternal 
psychopathology may impact on child behavioural development through an influence on the 
quality of mother-infant interaction.  Mothers with elevated depression symptoms have been 
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found to exhibit less optimal parenting across a range of domains, including lower sensitivity 
(Feldman et al., 2009; L. Murray, Fiori-Cowley, Hooper, & Cooper, 1996), greater withdrawal 
(Feldman et al., 2009), more negative or irritable affect (Dix & Yan, 2013), and more punitive or 
hostile behaviour (Giallo et al., 2014; Villodas, Bagner, & Thompson, 2015), which are 
associated with increased risk of emotional and behavioural problems in young children (Bayer 
et al., 2012; Villodas et al., 2015).  However, not all mothers experiencing maladjustment post-
birth display impaired caregiving (Kaitz, Maytal, Devor, Bergman, & Mankuta, 2010; Logsdon 
et al., 2014; Lovejoy, Graczyk, O'Hare, & Neuman, 2000; Samuelson, Wilson, Padrón, Lee, & 
Gavron, 2016), consistent with the heterogeneity known to characterise individuals experiencing 
depression (Sullivan, Prescott, & Kendler, 2002).  Accordingly, there is evidence that the 
relationship between maternal mood and caregiving for predicting child emotional outcomes 
may be one of moderation, with a number of studies finding that maternal emotional distress may 
have a negative impact on child stress physiology (Dougherty, Klein, Rose, & Laptook, 2011; 
Dougherty, Tolep, Smith, & Rose, 2013), emotion recognition skills (Kujawa et al., 2014) and 
internalising behavioural problems (Bouvette-Turcot, Bernier, & Leblanc, 2017; Goodlett et al., 
2017) only under less favourable caregiving conditions. 
Maternal depressive symptoms as a mediator of the effects of prenatal maternal stress.  
Maternal postnatal or concurrent mood may mediate the effects of a mother’s emotional 
experience during pregnancy on child development.  Maternal stress and distress shows a high 
level of stability from the prenatal to postnatal period (Bekkhus et al., 2011; Clout & Brown, 
2015; Grant et al., 2008; Matthey, Barnett, Ungerer, & Waters, 2000), and the experience of 
stress during pregnancy is associated with increased maternal depressive symptoms post-birth 
(Brock et al., 2015; Kildea et al., 2017; Milgrom et al., 2008; Qu et al., 2012). To determine the 
unique contribution of prenatal exposures to child outcomes, most PNMS studies control for 
maternal postnatal or concurrent mental health (Gutteling et al., 2005; O'Connor, Heron, 
Golding, et al., 2002), with few considering the possible mediating role of this postnatal 
environmental factor as mechanism by which PNMS may exert its effect on child development 
(Edwards & Hans, 2016).  In school-aged children, some studies have found evidence that the 
effects of prenatal maternal anxiety on child externalising symptoms may be direct, whereas the 
influence on child internalising symptoms may be mediated by concurrent maternal mood, 
assessed as depression or anxiety symptoms (E. D. Barker et al., 2011; Rice et al., 2010).   
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Studies with young children provide both indirect and direct evidence to suggest that the 
effects of PNMS may be mediated by concurrent maternal mood.  Gutteling et al. (2005) found 
that the effects of a number of different measures of PNMS were not associated with toddler 
internalising problems after taking concurrent mood into account, whereas Velders et al. (2011) 
noted that concurrent maternal and paternal depression and self-reported hostility completely 
accounted for the relationships between prenatal maternal and paternal depression and both 
internalising and externalising symptoms at 3 years.  Using an adoption design, Marceau et al. 
(2013) reported that adoptive parent internalising symptoms were a stronger influence on toddler 
internalising and externalising behaviour than birth mother perinatal internalising symptoms.  
Two studies have explicitly tested a mediation model, with Edwards and Hans (2016) finding 
that the effects of prenatal depressive symptoms on toddler behavioural problems were mediated 
by concurrent maternal depressive symptoms and maternal sensitivity, independently and in 
serial.  Additionally, while Lahti et al. (2017) found direct effects of prenatal maternal depressive 
symptoms on internalising and externalising behavioural problems during early childhood, this 
was also partially mediated by concurrent maternal depressive symptoms.   
Maternal depressive symptoms as a moderator of prenatal maternal stress effects.  In 
addition to reflecting a potential mediator of the effects of PNMS on child behaviour, it is 
possible that postnatal or concurrent maternal depressive symptoms may interact with prenatal 
exposure to predict child outcomes.  Lahti et al. (2017) found that young children demonstrated 
the greatest severity of total and internalising behavioural problems when exposed to mothers 
with clinically-elevated depression symptoms both during pregnancy and concurrent to child 
assessment.  This is consistent with the findings of O'Donnell, Glover, Barker, et al. (2014), and 
although in this case maternal postnatal mood was assessed as symptoms of anxiety, there was 
evidence of an additive effect of exposure to maternal anxiety at 32 weeks gestation and at 33 
months postpartum, with trajectories of maternally-reported behavioural problems consistently 
worse across development for children exposed at both time-points.  Interestingly, the influence 
of exposure to high levels of maternal anxiety on child behaviour across childhood was similar 
for those children exposed prenatally to those exposed at 33 months of age.  The results provide 
evidence of the comparative salience of exposure to maternal anxiety at either time point, along 
with an additive effect, whereby exposure during both the prenatal and postnatal periods is 
associated with the greatest degree of child behavioural problems.   
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Summary.  Maternal mood post-birth, particularly depression, has been implicated in the 
etiology of childhood emotional and behavioural problems, which may be due to physiological 
processes or through an adverse effect on quality of caregiving.  A small number of studies have 
examined the relationship between prenatal and postnatal maternal mental health for predicting 
child emotional and behavioural problems.  While the PNMS literature finds evidence of a 
unique effect of prenatal environment, over and above the effects of postnatal maternal mental 
health, there is also both indirect and direct evidence that the relationship between prenatal mood 
and child outcomes may be mediated, at least partially, by concurrent maternal mood.  
Furthermore, the severity of prenatal and postnatal maternal psychological symptoms may 
interact to predict child behaviour, demonstrating additive or cumulative effects.  However, few 
studies have examined the relationship between these two sources of influence on behaviour in 
young children, and no studies appear to have specifically tested the relationship between 
prenatal and postnatal maternal adjustment for predicting the behaviour of children exposed to a 
natural disaster during pregnancy.   
Maternal caregiving.  A number of theories and considerable evidence has amassed 
concerning the association of parenting and parent-child relationships with child emotional and 
behavioural development (Ainsworth & Bowlby, 1991; Baumrind, 1966; Bowlby, 1988b; G. R. 
Patterson, 2002), with caregiving that is characterised by greater warmth, sensitivity  and 
responsiveness (Davidov & Grusec, 2006), and lower hostility and use of harsh discipline (Bayer 
et al., 2012; Zimmer-Gembeck & Thomas, 2010) associated with better behavioural functioning 
in young children.  Although a role of shared genes and residual confounding cannot be 
completely excluded (Belsky & de Haan, 2011; O'Connor, 2002)  , early parenting behaviours 
may represent experience-expectant and experience-dependent environmental inputs important 
for infant neurodevelopment in areas that underpin emotional and behavioural functioning 
(Belsky & de Haan, 2011; Greenough et al., 1987; Kok et al., 2015; Luby et al., 2012).  Both 
rodent and human studies suggest that individual differences in maternal caregiving behaviours 
may shape the offspring HPA-axis and behavioural stress response (C. Blair et al., 2008; Bosquet 
Enlow et al., 2014; Liu et al., 1997; Meaney, 2001), along with brain physiology important for 
self-regulation (Bernier, Calkins, & Bell, 2016).  Sensitive caregiving may also function as a 
regulator of the infant’s underdeveloped stress response system (Hofer, 1994), buffering the 
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activity of the infant’s HPA-axis in response to stressors (Gunnar & Donzella, 2002; Hibel, 
Granger, Blair, & Cox, 2011), thereby protecting the developing infant brain from the effects of 
prolonged or repeatedly elevated cortisol exposure (Loman & Gunnar, 2010).   
Maternal caregiving as a mediator of the effects of prenatal maternal stress.  Animal 
studies have found exposure to stress during pregnancy to predict less optimal maternal 
caregiving behaviours postnatally, such as decreased licking and grooming (Champagne & 
Meaney, 2006; Del Cerro et al., 2010), reduced arch-backed nursing and gathering of pups 
(Smith, Seckl, Evans, Costall, & Smythe, 2004), and more aggressive behaviour towards 
offspring (Del Cerro et al., 2010).  In humans, the experience of stress or distress during 
pregnancy may impact on postnatal mother-infant interaction by disrupting the neurocognitive 
processes that psychologically prepare a pregnant woman for motherhood (Flykt, Kanninen, 
Sinkkonen, & Punamäki, 2010; Pearson et al., 2012), with a attention bias for infant distressed 
faces found to be absent in women with elevated prenatal depression symptoms (Pearson, 
Cooper, Penton-Voak, Lightman, & Evans, 2010). 
A small number of studies have investigated the effects of PNMS on maternal caregiving 
behaviour in humans.  While some studies report unique associations of greater maternal prenatal 
anxiety, stress or depression symptoms with lower mother-infant bonding during the early 
postpartum period (Kokubu, Okano, & Sugiyama, 2012; Rossen et al., 2016) and responsiveness 
in later infancy (Flykt et al., 2010), not all studies find these associations.  For example, Parfitt, 
Pike, and Ayers (2013) found that neither prenatal nor postnatal maternal affective symptoms 
contributed to maternal interactive behaviour when also controlling for paternal mental health.  
Similarly, Endendijk et al. (2017) found no difference in maternal interaction quality between 
mothers reporting high versus low levels of prenatal anxiety and depression.  Overall, the 
evidence is mixed concerning the impact of PNMS on quality of maternal caregiving, hence, 
whether this may reflect a mechanism by which increased behavioural risk following exposure to 
PNMS may be conferred. 
Maternal caregiving as a moderator of the effects of prenatal maternal stress. Evidence 
for the potential buffering effects of maternal caregiving behaviour on offspring behavioural 
development following exposure to PNMS was initially identified in rodent studies (Maccari et 
al., 1995; Wakshlak & Weinstock, 1990).  Since this time, a small number of studies have 
examined the interaction of PNMS with caregiving and mother-infant relationship constructs for 
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predicting infant behavioural development, primarily operationalised as observed behavioural 
reactivity to a stressor or maternal report of temperament.  These studies find support for a 
moderating role of infant attachment (Bergman, Sarkar, Glover, & O'Connor, 2008), maternal 
sensitivity (Grant, McMahon, Reilly, & Austin, 2010) and maternal stroking of newborn infants 
H. Sharp et al. (2012) on indices of early behavioural functioning.  However, some studies also 
find conflicting evidence, and a lack of moderating effects of maternal sensitivity has also been 
reported (Kaplan, Evans, & Monk, 2008; Thomas, Letourneau, Campbell, Tomfohr-Madsen, & 
Giesbrecht, 2017).  
Few studies have considered the potential buffering effects of maternal behaviour on 
child behavioural problems following exposure to PNMS.  Following up on earlier findings 
concerning the PNMS-buffering effects of early postnatal tactile stimulation through stroking for 
infant behaviour (H. Sharp et al., 2012),  H. Sharp et al. (2015) demonstrated that higher prenatal 
maternal anxiety was associated with greater internalising, anxious/depressed and attentional 
symptoms on the CBCL  in 2.5 year old children, but only under conditions of low maternal 
stroking, particularly for girls.  These effects were somewhat replicated at 3.5 years in a larger 
sample (Pickles et al., 2017), with the effects of prenatal exposure to anxiety on both 
internalising and externalising behavioural problems greatest for children of low-stroking 
mothers.  Unlike the earlier follow-up (H. Sharp et al., 2015), there was no additional moderation 
of this interaction by child sex in this study.   
A three-way interaction with child sex was, however, identified by Endendijk et al. 
(2017), who found that the effect of prenatal anxiety and depression symptoms on 2- to 5-year-
old children’s internalising problems was significantly moderated by concurrent maternal 
emotional availability (Biringen, Robinson, & Emde, 2000), but only in girls.  For girls exposed 
to higher prenatal symptoms, internalising problems were elevated only amongst those whose 
mothers demonstrated lower quality interactive behaviours.  Together, these studies provide 
preliminary support for a role of maternal caregiving for moderating the effects of PNMS 
exposure on child behavioural problems, which may reflect either an exacerbation of PNMS-
related risk under less favourable caregiving conditions, or a buffering of risk by more optimal 
maternal behaviour. 
Summary.  Quality of maternal caregiving is a postnatal factor that may influence child 
behavioural development, possibly by influencing the nature of environmental input available to 
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shape infant neurodevelopment, or by buffering the developing stress system from the influence 
of stressors.  The transition to parenthood may include neurocognitive changes serving to prime 
a pregnant woman for optimal bonding with her future child; however, while animal research 
suggests that stress during pregnancy may impair a mother’s later caregiving behaviour, 
evidence in humans to this effect is currently limited.  Conversely, it is possible that mother-
infant interaction may not mediate, but moderate, the effects of PNMS on child behavioural 
outcomes; however, very few studies have examined this interactive relationship between the 
prenatal and postnatal environment for predicting child behavioural problems.  Preliminary 
evidence suggests that PNMS may be associated with adverse child behavioural outcomes only 
under conditions of less optimal caregiving, such as low maternal stroking during early infancy 
and low maternal sensitivity.  While this may suggest a cumulative or exacerbating effect of 
suboptimal prenatal and postnatal programming influences, this may also reflect a buffering or 
protective effect of more positive maternal behaviour for children exposed to PNMS.  
Furthermore, with limited evidence suggesting that the moderation of PNMS exposure by 
caregiving may be stronger for internalising behaviour, and particularly for girls, further research 
is needed to determine who may be most impacted by any exacerbating or protective influence of 
these postnatal conditions following exposure to prenatal adversity.   
Summary of Literature Review 
The influence of postnatal environmental conditions, particularly those that pertain to the 
infant’s rearing environment, may reflect a developmental programming process operating on the 
neurological underpinnings of childhood emotional and behavioural development.  An important 
implication of this is the potential for multiple pathways by which prenatal exposures may exert 
their influence on child development.  For example, PNMS may increase risk for child 
behavioural problems indirectly, by reducing quality of maternal caregiving, or by contributing 
to increased maternal depressive symptoms post-birth, which may, in turn, alter the quality of 
mother-infant interaction.  Furthermore, there is evidence that the effects of exposure to maternal 
stress or distress during pregnancy on infant and child behavioural development may be 
moderated by normal variation in maternal caregiving.  For example, the adverse effects of 
PNMS on child behaviour may be buffered by greater maternal sensitivity and stroking.  
Nevertheless, very few studies have investigated the potential protective influence of optimal 
maternal caregiving on the effects of PNMS on behavioural problems in early childhood.  
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Further studies are needed to replicate these promising findings and to investigate the full extent 
of maternal behaviour that may potentially ameliorate the risk imposed by prenatal adversity.     
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Chapter 4: Maternal Mind-Mindedness and Child Behavioural Development 
 
Chapter Overview 
The current chapter will introduce a specific caregiving construct, maternal mind-
mindedness, and the development of the construct and current methodologies for assessing this 
construct will be outlined.  Studies investigating the concurrent and predictive associations of 
maternal mind-mindedness with child developmental outcomes will be reviewed with a focus on 
childhood emotional and behavioural problems.  Finally, the importance of context for the 
influence of maternal mind-mindedness on child behavioural outcomes will be highlighted.  
 
Maternal Sensitivity 
The findings of decades of research from a range of theoretical frameworks have 
converged on the salience of early parent-child interaction for children’s emotional, social and 
behavioural development (Baumrind, 1966; Sameroff, 1975; J.B. Watson & Watson, 1928; 
Winnicott, 1965).  Among the earliest and most well-researched caregiving constructs is 
maternal sensitivity, which had its origins in the ethnological-evolutionary theory of attachment 
(Bowlby, 1984).  Attachment theory is centred on the premise that infants are “wired” to develop 
emotional bonds with adults, with the evolutionary function of ensuring survival through the 
provision of protection and comfort (Bowlby, 1969, 1988a).  Using attachment behaviours to 
signal their needs, infants are motivated to seek and maintain proximity to their caregivers, 
showing distress on separation from caregivers and relief on their return (Bowlby, 1969).   
Mary Ainsworth empirically investigated these early conceptualisations of mother-infant 
attachment, through her work using the Strange Situation Procedure with infants at 
approximately 12 months old.   The Strange Situation Procedure (Ainsworth & Bell, 1970) 
involves observing infant behaviour across eight video-recorded episodes in a standardised order, 
designed to elicit both exploratory and attachment behaviour in the infant.  The mother brings the 
infant into an unfamiliar laboratory room, where the infant is initially observed with the mother 
present.  Following this, a stranger enters the room and sits quietly and then converses with the 
mother before gradually aproaching the infant and showing him or her a toy.  The mother then 
leaves the room, and the stranger allows the infant to play or attempts to engage the infant with 
toys.  If the infant is distressed at this point, the stranger may attempt to distract or comfort the 
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infant.  The mother re-enters the room, pausing in the doorway to allow the infant an opportunity 
to respond to her while the stranger leaves the room.  Once the infant has settled with the toys, 
the mother left the room once again.  The infant is left alone in the room, before the stranger 
again enters and attempts to engage with the  infant.  Finally, the mother re-enters the room and 
the stranger leaves.  If the infant becomes unduly distressed at any time, the procedure is 
terminated.  The infant’s behaviour is later coded for exploratory and search behaviours, as well 
as attachment behaviours in relation to the mother and stranger, including proximity-seeking, 
contact-maintaining, proximity-avoiding and contact-resisting.  Ainsworth, Bell, and Stayton 
(1971) identified three main patterns of infant attachment behaviour:  “Secure” children are more 
likely to greet their mothers positively following separation; “insecure-resistant” children may 
show anger towards their mother on reunion and are difficult to comfort; “insecure-avoidant” 
children tend to avoid their mother and don’t actively seek contact with her on reunion 
(Ainsworth, 1978).  This was later expanded upon to include an “insecure-disorganised” pattern,  
describing children who tend to show confusion and disorganised behaviour when reunited with 
their mothers (Main & Solomon, 1986).   
After observing consistent patterns of maternal behaviour that corresponded to these 
different infant attachment styles, Mary Ainsworth and her colleagues developed the construct of 
maternal sensitivity (Ainsworth, 1967; Stayton & Ainsworth, 1973).  In particular, Ainsworth, 
Bell, and Stayton (1974) noted that securely attached infants were more likely to have mothers 
with high scores on an observational measure of maternal behaviour, entitled “sensitivity-
insensitivity”.   Mothers high in sensitivity were described as more attuned to their infant’s cues, 
showing evidence of being able to “see things from the baby’s point of view” (pp.129), giving 
prompt and appropriate responses to even very subtle communications from her infant 
(Ainsworth et al., 1974).  Furthermore, Ainsworth et al. (1974) emphasised that a mother’s 
sensitivity was critically determined by the appropriateness of her response to her infant’s 
communications, based on her willingness and ability to “read” her infant’s signals.  
Limitations of the maternal sensitivity scale. Despite the widespread use of the 
maternal sensitivity construct for describing caregiving behaviour, Meins (2013) highlighted 
some limitations with Ainsworth et al.’s (1974) sensitivity scale when applied in more recent 
mother-infant interaction studies.  In particular, it was noted that the scale lacks specific 
behavioural examples to assist when making distinctions between sensitive and insensitive 
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behaviour (Meins, 2013).  Whilst reliable assessments may have been possible in the original 
studies, where ratings were based on over 70 hours of observational data in the home context 
(Ainsworth, 1978), the scale may be less appropriate for settings where the duration and context 
of observations are restricted.  It has been suggested that this insufficiently detailed 
operationalisation may have led to a greater focus on aspects of maternal behaviour that are more 
easily quantified, such as the promptness of the maternal response to the infant’s signals (Meins, 
2013; Meins, Fernyhough, Fradley, & Tuckey, 2001).  Consequently, there has been less 
emphasis on the appropriateness of the maternal behaviour, despite this being identified as 
crucial to sensitive caregiving (Ainsworth et al., 1974).  Accordingly, studies of maternal 
sensitivity since Ainsworth et al.’s (1974) original work may reflect a qualitatively different 
construct from that originally defined and intended.   
A conceptual drift in the maternal sensitivity literature from the original construct may 
also explain the findings of a meta-analysis by De Wolff and van Ijzendoorn (1997), who 
reported that the relationship between maternal sensitivity and infant attachment may not be as 
strong as in Ainsworth’s original studies, suggesting that other parenting constructs may be 
equally important for the development of infant attachment security.  However, over half of the 
reviewed studies purportedly assessing maternal sensitivity did not include assessment of the 
appropriateness of the maternal response (Meins, 2013).  Seeking to reincorporate Ainsworth and 
colleagues’ (1974) emphasis on maternal interpretation of infant communications, and the 
appropriateness of maternal behavioural responses to these, Elizabeth Meins and her colleagues 
(2001) developed the construct “maternal mind-mindedness”.   
Development of the Maternal Mind-mindedness Construct   
Meins (1997b) originally coined the term “maternal mind-mindedness” to refer to a 
mother’s “recognition of her child as a mental agent, and her proclivity to employ mental state 
terms in her speech” (pp. 127) during her early research considering maternal influences on 
infant cognitive development.  Observing that mothers of securely-attached 19-month-old infants 
were less likely than their insecure counterparts to describe their infants’ preverbal vocalisations 
as “meaningless”, Meins (1997b) suggested that there may be attachment-related differences in 
mothers’ way of interacting with their children, particularly with regard to their ability or 
willingness to attribute intent and meaning to their child’s utterances.  Additionally, Meins 
(1997b) proposed that mothers of secure children were more likely to interact with their children 
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within the ‘zone of proximal development’ (Vygotskiĭ & Cole, 1978) on a teaching task, 
sensitively adjusting their approach to meet their child’s evolving needs, whilst also allowing 
their child autonomy in the process.  Meins (1997b) noted that the appropriate scaffolding of her 
infant’s performance requires a mother to treat her infant as a “mental agent”, considering her 
infant’s perspective of the task at hand, a proclivity that she referred to as “mind-mindedness”.  
To develop the measure of maternal mind-mindedness (MM), Meins and colleagues (2001) 
observed 71 mother-infant dyads at 6 months old during a mother-infant play interaction, coding 
both infant and maternal behaviour.  In addition to coding maternal sensitivity using Ainsworth’s 
(1971) scale, five measures of maternal mind-mindedness were coded: “maternal responsiveness 
to change in infant’s direction of gaze”; “maternal responsiveness to infant’s object-directed 
action”; “imitation” of infant vocalisations, mothers’; “encouragement of autonomy” in their 
infants; and “appropriate mind-related comments” (p. 640).   The latter category referred to 
mothers’ comments concerning their infants’ mental states, including their thoughts, knowledge, 
interests and desires, their mental processes, their level of emotional engagement, and their 
infant’s attempts to manipulate other people’s beliefs (e.g., joking and teasing).  These mind-
related comments were then coded as appropriate or inappropriate (later renamed “nonattuned”) 
based on the accuracy of the comment in the context of the infant’s affect and behaviour.   At 12-
months, mother-infant dyads returned and the infant’s cognitive ability and attachment security 
were assessed. 
Modest correlations between the mind-mindedness scales and maternal sensitivity 
suggested that the measures were assessing distinct components of the mother-infant interaction.  
Of the mind-mindedness variables, only a mother’s proportion of appropriate mind-related 
comments (of her total utterances during the play interaction) significantly predicted infant 
attachment security, and after controlling for general maternal sensitivity.  Based on these 
findings, the authors proposed that a mother’s use of appropriate mind-related comments when 
interacting with her infant may reflect her capacity to accurately “represent the mental and 
emotional states of her infant” (Meins et al., 2001, p. 646 ).  Furthermore, they proposed that 
maternal mind-mindedness may mediate the relationship between a mother’s mental 
representation of her own childhood attachment experiences and the nature of her attachment 
relationship with her infant, constituting a mechanism by which attachment security may be 
transmitted across generations.   
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Assessing Maternal Mind-Mindedness 
Since the initial studies (Meins, 1997b, 1998; Meins et al., 2001), a number of methods 
have been developed for assessing the construct of maternal mind-mindedness.  This section will 
briefly review these approaches and how they have been applied.  
Observational measure using free-play. An online measure (“observational mind-
mindedness”) was initially developed to assess maternal mind-mindedness in mothers with 
children under 12 months old (Meins et al., 2001), but has also been used with toddlers (Demers, 
Bernier, Tarabulsy, & Provost, 2010; Kirk et al., 2015) and children (Illingworth, MacLean, & 
Wiggs, 2016) in more recent studies.  Maternal mind-mindedness is operationalized as the 
frequency with which a mother uses appropriate and/or nonattuned mind-related comments when 
interacting with her child in mother-child free-play session in a laboratory setting (Meins & 
Fernyhough, 2012) or in the family’s home (e.g. Kirk et al., 2015; Laranjo, Bernier, & Meins, 
2008).  In the laboratory context, mothers and infants are provided with toys and given the 
instruction, “Please play with your baby as you would do if you had some free time together at 
home”.  While the authors have typically used a free play duration of 20 minutes, they noted that 
shorter play durations are acceptable (Meins & Fernyhough, 2015), with durations as brief as 5 
minutes used previously (Pawlby et al., 2010).  The recorded play sessions are transcribed and 
mothers’ comments are coded as mind-related or non-mind-related, based on guidelines in the 
Mind-Mindedness Coding Manual  (Meins & Fernyhough, 2012).  Mind-related comments are 
defined as those that (a) incorporate an “explicit internal state term to comment on what the 
infant may be thinking, experiencing, or feeling”; or (b) “puts words into the infant’s mouth with 
the caregiver talking on the infant’s behalf” (Meins & Fernyhough, 2012, p. 4).  Mind-related 
comments include those referring to the infant’s “desires and preferences” (e.g. like, dislike, 
want), “cognitions” (e.g. think, decide, know, remember),“ emotions” (e.g. happy, sad, grumpy, 
shy, bored), “epistemic states” (e.g. teasing, joking) or “talking on the infant’s behalf” (i.e., any 
comment by the mother that is intended to reflect what is thought by the infant) (Meins & 
Fernyhough, 2012, p. 5).     
Comments categorised as mind-related are subsequently categorised as “appropriate” or 
“nonattuned” based on observation of the infant’s emotional state and activities engaged in by 
the infant at the time when the comments are made.  Appropriate mind-related comments are 
those where (a) “the researcher agrees with the caregiver’s reading of the infant’s current internal 
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state”, (b) “the comment links current activity with similar events in the past or future”, (c) “the 
comment serves to clarify how to proceed after a lull in the interaction” (Meins & Fernyhough, 
2012, p. 9).  Nonattuned mind-related comments are those where (a) “the researcher disagrees 
with the caregiver’s reading of the infant’s current internal state”, (b) “the comment refers to a 
past or future event that is unrelated to the infant’s current activity”, (c) “the caregiver asks what 
the infant wants to do or suggests that the infant wants to become involved in a new activity 
when the infant is already actively engaged in playing with or attending to something else”, (d) 
the caregiver seems to be attributing internal states that are no implied by the infant’s behaviour 
and which appear to be projections of the adult’s own internal states on the child”, or (e) “the 
referent of the caregiver’s comment is not clear” (Meins & Fernyhough, 2012, p. 10). 
 For example, if a mother comments “You love that book!” to her child, it would be rated 
as “appropriate” if the child was displaying positive affect and attending to the book immediately 
prior to the mother’s comment.  The same comment would be considered “nonattuned” if the 
child was displaying negative affect or no interest in the book immediately prior to the mother’s 
statement.  At the completion of coding, the frequencies of appropriate mind-related comments 
and nonattuned mind-related comments are calculated.  Researchers are encouraged to calculate 
these scores as a proportion of the mother’s total comments to control for maternal verbosity, or 
to ensure that verbosity is controlled in analyses if frequency scores are used (Meins & 
Fernyhough, 2012, 2015).  While most studies have taken this approach, Demers et al. (2010) 
took the alternative approach of calculating appropriate and nonattuned mind-related comment 
scores as a proportion of overall mind-related comments.   
Observational coding using structured tasks.  Two studies have used the coding 
protocol outlined by Meins and Fernyhough (2010), but applied this to a structured parent infant 
task.  Ereky-Stevens (2008) coded a series of five structured 2.5 minute play sessions, varying 
according to the toy provided.  Lundy (2013) developed an online measure of maternal mind-
mindedness based on the effectiveness of parental scaffolding during a joint puzzle-construction 
task video-taped for later coding.  Parental tutoring strategies and sensitivity to feedback from 
the child during the task were coded according to the procedures used by Meins (1997a) and 
others (Wood, Wood, & Middleton, 1978).   
Interview measure.  When assessing maternal mind-mindedness in pre-schoolers and 
older children, a brief interview measure has been used (Meins & Fernyhough, 2015; Meins, 
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Fernyhough, Russell, & Clark‐carter, 1998).  Mothers are invited to describe their child with the 
question, “Can you describe [child’s name] for me?” responses to which are transcribed 
verbatim.  Maternal descriptions of the child are then categorised into one of four categories of 
attributes: mental, behavioural, physical and general (Meins & Fernyhough, 2015).  A maternal 
mind-mindedness score is calculated based on the total number of mental attributes provided by 
the mother, usually calculated as a proportion of overall comments to control for verbosity 
(Meins & Fernyhough, 2015).  The interview measure has also been adapted to a questionnaire 
format, where mothers are asked to provide a written description of their child, which is 
subsequently coded for mental state terms (Hill & McMahon, 2015). 
Antenatal interview.  Arnott and Meins (2008) adapted the interview measure to assess 
mind-mindedness antenatally.  In interviews with both mothers and fathers, they asked the 
question: “What do you think your baby will be like at 6 months of age?”.   Parents’ responses 
were transcribed and coded for descriptions including mental state terms, and were treated as 
frequency scores in analyses.  Due to a low rate of such mental state comments made using the 
antenatal measure, the authors dichotomised this variable into one reflecting the presence or 
absence of mentalistic descriptions (Arnott & Meins, 2008). 
Video feedback measure.  An alternative method for assessing maternal mind-
mindedness is based on the comments a mother makes whilst watching a video-recording of 
herself interacting with her child.  Bigelow, Power, Bulmer, and Gerrior (2015) administered the 
Still-Face task with mothers and infants, an excerpt of which was reviewed by the mother, who 
was invited to reflect upon her infant’s internal experience during the task using the prompts, 
“What do you think was happening for your baby?” and “What do you think your baby was 
thinking or feeling?”.  Mothers’ speech was subsequently coded for frequency of mental state 
comments, following the procedure for the observational measure (Meins & Fernyhough, 2010). 
Projective measure.  Milligan, Khoury, Benoit, and Atkinson (2015) adopted a 
projective approach to assessing maternal mind-mindedness in mothers of 6-month old infants.  
Using a variation on the Empty Chair technique (Perls, Goodman, & Hefferline, 1972), wherein 
mothers were seated beside an empty baby chair and given the following instructions: “Imagine 
that you are speaking to your baby.  I will give you things to talk to him/her about.  I would like 
you to talk to your baby for about 30 seconds”.  Mothers were given four emotion scenarios 
(“your baby is…”), two negative (“afraid”, “crying”) and two positive (“laughing”, 
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“excited”).  Each episode lasted 30 seconds, and mothers’ narrative were audio-recorded and 
transcribed verbatim, following which maternal speech was coded for the presence of infant-
directed mental state terms, categorised as (a) emotion or (b) cognitive terms, including desires 
(e.g. want) and meta-cognitive state words (e.g. think, know), which were combined due to the 
low frequency of these terms in the study.  Although resembling observational mind-mindedness 
due to being an online measure of maternal infant-directed mental state talk, the simulation 
mind-mindedness measure does not allow for coding of the accuracy of maternal mental state 
comments, which is arguably a component critical to the maternal mind-mindedness construct. 
Multiple Indices of Maternal Mind-Mindedness 
Maternal mind-mindedness is described as a multidimensional construct “at the interface 
of behavioural and representational operationalisations of the caregiver-child relationship” 
(Meins et al., 2012, p. 394). Considering the two main approaches to operationalising mind-
mindedness, interview mind-mindedness is purely representational in nature, reflecting a 
mother’s speech about her child, whereas observational mind-mindedness, based on a mother’s 
speech to her child, draws on her representation of her child’s internal world, as well as her 
tendency to utilise and express this understanding when interacting with her child.  In other 
words, to comment appropriately on her child’s mind, a mother must be able to “first accurately 
represent the infant’s thoughts and feelings and then actually voice this representation” (Meins, 
2013, p. 541).   
Despite being closely aligned theoretically, these two measures of maternal mind-
mindedness do not consistently converge.  Although concurrent interview and observational 
mind-mindedness were significantly associated in 19 month olds in one study (McMahon, 
Camberis, & Gibson, 2016), this convergence was not found in children aged 2 to 10 years 
(Illingworth et al., 2016).  Prospective associations between these measures are also not 
consistently found, with Meins et al. (2003) finding that mothers’ use of appropriate mind-
related comments with her infant predicted interview mind-mindedness at preschool age, 
whereas two studies have found no evidence of a prospective association between these 
measures (Illingworth et al., 2016; McMahon et al., 2016).  These conflicting results may reflect 
developmentally-based differences in the validity of the measures, with the observational 
measure arguably more appropriate during infancy and the interview measure more valid for 
preschool-aged children.  Alternatively, it is also possible that the measures are assessing 
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different components of the mother-infant relationship, thus they may possess distinct etiological 
factors and correlates.  However, given the small sample size and large age range of the children 
in the (Illingworth et al., 2016) study, these findings must be interpreted with caution.   
An additional distinction concerns the two dimensions of the observational mind-
mindedness measure, appropriate and nonattuned mind-mindedness.  Evidence that they are 
distinct constructs comes from studies finding a lack of correlation between mothers’ scores on 
these two measures (Arnott & Meins, 2007; Meins et al., 2012), although a positive correlation 
has been found between these two types of mind-mindedness in fathers (Arnott & Meins, 2007).  
Additionally, the two dimensions show different patterns of association with maternal sensitivity, 
with appropriate mind-mindedness found to correlate positively with this construct, with 
nonattuned mind-mindedness showing no significant relationship (Meins et al., 2012; Meins et 
al., 2001; Meins et al., 2002).  Whereas appropriate mind-mindedness indexes the extent to 
which a mother verbalizes her internal representation of her infant’s mental states, nonattuned 
mind-mindedness may reflect a tendency to misread her infant, due to lack of awareness of the 
infant’s perspective, or difficulty considering this due to her own emotions and intentions 
(Meins, Bureau, & Fernyhough, 2017). Accordingly, these two measures appear to be tapping 
two very different maternal capacities. 
Summary.  A range of methodologies has been developed for assessing maternal mind-
mindedness.  Online measures assess maternal mind-mindedness during interaction with her 
child, most often through coding of maternal references to child mental states.  Off-line measures 
have been used mostly with older children, assessing a mother’s representation of her child as a 
psychological agent.  Methods have also been developed to assess mind-mindedness antenatally, 
in a structured teaching task and using projective techniques.  Despite common theoretical 
underpinnings, there is only weak evidence for convergent validity of the main approaches to 
measuring mind-mindedness, through interview and joint-play observation, and it is likely that 
they reflect distinct, albeit related, constructs.  As the current thesis focuses on maternal mind-
mindedness assessed using the observational measure, this operationalization of mind-
mindedness will be the focus of the remainder of this chapter. 
Maternal Mind-Mindedness and Child Outcomes 
Maternal mind-mindedness has been considered for its concurrent and prospective 
associations with a range of child developmental outcomes, with evidence that greater maternal 
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mind-mindedness, assessed using a range of methodologies, is associated with more optimal 
development across various domains (McMahon & Bernier, 2017).   The following section will 
review evidence associating maternal mind-mindedness assessed using the observational 
measure and child emotional and behavioural outcomes. 
Attachment security.   Quality of parent-infant attachment is thought to play a role in 
personality organisation, self-concept, emotion understanding and regulation, social cognition, 
relationships with peers and future romantic partners and risk for psychopathology (Enlow, 
Egeland, Carlson, Blood, & Wright, 2014).  Although there is evidence that calls the longitudinal 
continuity of attachment security from infancy to adulthood into question (Groh, Roisman, et al., 
2014), early secure attachment may initiate cascades of more adaptive social and emotional 
development through a positive influence on early competencies (Groh, Fearon, et al., 2014; 
Leerkes & Wong, 2011).  Adaptive early functioning, in turn, may serve to facilitate the 
development of subsequent capacities, consistent with an hierarchical (Sroufe, 2005) or cascade 
view of development (Cox, Mills-Koonce, Propper, & Gariépy, 2010).   
Mothers’ greater appropriate mind-mindedness has been associated with secure infant 
attachment when assessed using the Attachment Q-Sort (Laranjo et al., 2008; Lundy, 2003) and 
the Strange Situation (Arnott & Meins, 2007; Demers et al., 2010; Meins et al., 2012; Meins et 
al., 2001).  Some studies have also investigated associations between nonattuned mind-related 
comments and infant attachment, finding that mothers of securely attached children made fewer 
nonattuned comments than those of insecure dyads (Meins, 2013; Meins et al., 2012), with 
nonattuned mind-mindedness during infancy predicting in secure child attachment at preschool 
age indirectly through lower infant attachment security and less developed toddler perspective-
taking during play (Meins et al., 2017).   
Executive function.  Executive function refers to the cognitive processes necessary for 
goal-directed behaviour (Best & Miller, 2010), and is thought to underlie more optimal child 
functioning in academic, emotional, social and behavioural domains (Reuben et al., 2016; 
Snyder, Miyake, & Hankin, 2015).  There is evidence to suggest that these capacities are 
influenced by aspects of the early environment (Bernier, Carlson, Deschênes, & Matte‐gagné, 
2012), including maternal mind-mindedness.  Greater appropriate mind-mindedness during a 
play task at 12 months was found to predict greater increases in a composite executive function 
measure between 18 and 26 months (Bernier, Carlson, & Whipple, 2010), and was indirectly 
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associated with cognitive school readiness at kindergarten through sequential effects on 
expressive language at 2 years, and effortful control at 3 and 4 years, respectively (Bernier, 
McMahon, & Perrier, 2017).  These results demonstrate how maternal mind-mindedness may 
trigger a more favourable developmental trajectory through its early effects on language, with a 
cascading effect whereby improved early competencies may contribute to better functioning in 
other areas of development, in this case, executive function. 
Social cognition.  Social cognition is a broad term that refers to a range of mental 
mechanisms involved in processing social information, communication and social behaviour 
(Happé & Frith, 2014) and deficits in sociocognitive capacities are thought to underlie the 
difficulties of individuals with  neurodevelopmental disorders, such as autism and attention 
deficit hyperactivity disorder (Baron-Cohen, 1995; E. Bora & Pantelis, 2016) and a range of 
mental health problems (E. Bora, Bartholomeusz, & Pantelis, 2016; Brüne, Walden, Edel, & 
Dimaggio, 2016; Healey, Bartholomeusz, & Penn, 2016; C. Sharp et al., 2011).  One component 
of social cognition is theory of mind, defined as an individual’s capacity to “impute mental states 
to himself and to others (Premack & Woodruff, 1978), a component of more general mentalising 
ability.  Appropriate mind-mindedness has been associated with better child performance on a 
range of theory of mind and mentalising tasks during early childhood (Laranjo, Bernier, Meins, 
& Carlson, 2010; Meins, Fernyhough, Arnott, Leekam, & de Rosnay, 2013; Meins et al., 2002).  
Additionally, preschool-aged children of mothers higher in appropriate mind-mindedness were 
more likely to attribute ongoing mental activity to other people when outward cues are not 
present (Meins et al., 2003), with some evidence that this relationship may be mediated by 
enhanced child receptive verbal ability (Meins, Fernyhough, et al., 2013).  However, there are 
some exceptions to these findings, with two studies reporting that more general maternal 
sensitivity measures, but not maternal mind-mindedness, predicted infant and child performance 
on measures of mentalising capacities (Ereky-Stevens, 2008; Licata et al., 2014).  Notably, these 
discrepant findings may be attributed to differences in methodology used for assessing maternal 
mind-mindedness (Ereky-Stevens, 2008), or may reflect that the association of early appropriate 
mind-mindedness and child mentalising may be mediated by other maternal behaviour (Licata et 
al., 2014).  Additionally, both of these latter studies used samples that were relatively higher in 
socio-economic status and education levels than previous studies (e.g. Meins et al., 2002), which 
may indicate that maternal mind-mindedness is important for the socio-cognitive development of 
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children from lower socio-economic backgrounds.   
Another aspect of social cognition is emotion understanding, which involves affective 
perspective-taking and the capacity to identify and label a range of emotional expressions as well 
as understand the situational context and triggers for different emotions (Centifanti, Meins, & 
Fernyhough, 2016).  Individuals high on callous-unemotional traits experience difficulty with 
emotional understanding and affective perspective-taking, along with the related capacities of 
empathy and emotion processing (Lui, Barry, & Sacco, 2015), and are more likely to display 
externalising and aggressive behaviour (Muñoz & Frick, 2012).  Centifanti et al. (2016) found 
that maternal lower use of appropriate mind-related comments at 8 months predicted greater 
child callous-unemotional traits at 10 years old, with this influence operating through lower 
emotion understanding at 4 years of age, controlling for a range of relevant maternal and child 
background variables.  
Emotional and behavioural problems.  As preceding sections have demonstrated, 
maternal mind-mindedness is associated with improved child functioning across a range of 
capacities considered to be the “building blocks” of optimal child emotional and behavioural 
development (Hughes & Ensor, 2006; Longobardi, Spataro, & Rossi-Arnaud, 2016; Menting, 
van Lier, & Koot, 2011; von Salisch, Denham, & Koch, 2017); however, few studies have 
investigated the influence of maternal observational mind-mindedness on child behavioural 
problems.   Meins, Centifanti, Fernyhough, and Fishburn (2013) explored the influence of 
maternal mind-mindedness on child emotional and behavioural outcomes in a predominately 
white, socially diverse community sample.  After controlling for a large number of child and 
maternal covariates, there was no evidence of main effect of appropriate mind-related comments 
for predicting child internalising or externalising problems in the full sample.  Nevertheless, 
lower appropriate mind-related comments at 8 months predicted greater child externalising and 
internalising behaviour at 44 months in dyads from low socioeconomic status (SES) families, 
which, in turn, predicted greater externalising and internalising behaviours at 61 months.  These 
results were not replicated for high SES dyads, for which greater child externalising behaviours 
at 44 months were predicted by lower maternal sensitivity, and highlight that the relative 
importance of different maternal caregiving indices for child behavioural development may be 
dependent on broader familial context. 
The importance of contextual factors was again demonstrated in a study by Easterbrooks, 
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Crossman, Caruso, Raskin, and Miranda-Julian (2017) with a cohort of adolescent mothers with 
a history of trauma and/or posttraumatic stress (PTS) symptoms.  Appropriate mind-mindedness, 
assessed when children were 4 to 27.7 months old, showed no association with infant and toddler 
behaviour problems and social-emotional competence assessed on the BITSEA (Briggs-Gowan 
& Carter, 2002) one year later.  While they found no interaction effects between mind-
mindedness and maternal trauma exposure for predicting child outcomes, greater appropriate 
mind-mindedness was associated with lower problems specifically in the infants of mothers who 
reported a trauma history in the absence of maternal PTS.  Furthermore, greater appropriate 
mind-mindedness was associated with worse infant social-emotional competence when mothers 
demonstrated partial posttraumatic stress disorder, contrasting with the links between appropriate 
mind-mindedness and better sociocognitive development in other studies (Laranjo et al., 2010; 
Meins et al., 2002).  The authors concluded that the presence of PTS symptoms in mothers may 
decouple the expected links between maternal appropriate mind-mindedness and child 
behavioural development.   
In contrast to these studies, Camisasca, Miragoli, Ionio, Milani, and Di Blasio (2017) 
demonstrated a main effect of maternal appropriate mind-mindedness on behaviour in study of 
Italian mothers and toddlers.  Investigating the concurrent association of maternal mind-
mindedness with internalising and externalising problems on the CBCL in 17-month-old infants, 
they found moderate negative correlations between appropriate mind-mindedness and both 
behavioural indices.  Furthermore, there was evidence that maternal mind-mindedness may 
mediate the association between concurrent maternal depressive symptoms and internalising 
problems in particular.   While the sample size in this study was small (n = 46), and there may be 
an influence of cultural differences across these studies, considering these findings together 
highlights the need for further research to clarify the extent to which maternal appropriate mind-
mindedness may influence child behavioural problems, and for whom. 
Summary.  There is preliminary evidence to suggest that maternal mind-mindedness is 
associated with better child development of capacities important for better emotional and 
behavioural functioning, including attachment security, executive function and social cognition.  
While appropriate mind-mindedness may reduce the risk of child behavioural problems, it is 
unclear whether this benefit is universal for all children, with evidence that the influence of this 
caregiving quality may depend on contextual factors.  
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Summary of Literature Review 
Maternal mind-mindedness is a maternal caregiving quality developed to capture the 
representational component of the original maternal sensitivity construct, thereby assisting to 
account for the intergenerational transmission of attachment security.  Although measured using 
a range of approaches, the observational measure, assessing mother’s proclivity to use 
appropriate or nonattuned mental state terms during interaction with her child, has been found to 
uniquely contribute to infant and child attachment security, as well as other aspects of positive 
infant and child development, including executive function and social cognition.  Limited 
evidence is available concerning its role in child behaviour, and its utility in this regard may 
depend on contextual factors, such as socioeconomic or maternal psychosocial characteristics.  
Further research to clarify the benefits of mind-mindedness, for whom and under what 
circumstances, will be important to capitalise on the potential of this maternal interactional 
quality for enhancing child development. 
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Chapter 5: Maternal Mind-Mindedness as a Potential Protective Factor for the Behaviour 
of Toddlers Exposed to a Prenatal Natural Disaster: The QF2011 Queensland Flood Study 
 
Chapter Overview 
This chapter is an empirical study investigating the prenatal and postnatal pathways 
through which prenatal natural disaster exposure may influence toddler behaviour at 30 months, 
as well as the potential buffering influence of maternal mind-mindedness.  
 
Abstract 
Multiple risk and resilience processes may influence child development following 
exposure to stress during pregnancy.  The current study investigated whether maternal mind-
mindedness may moderate the direct and indirect effects of exposure to a natural disaster during 
pregnancy on maternally-reported toddler behavioural problems.  Women pregnant (n = 99) 
during the Queensland flood in January 2011 completed measures of flood-related objective 
hardship and posttraumatic stress (PTS) symptoms.  At 16 months postpartum, maternal mind-
mindedness was assessed through a mother-infant play interaction.  At 30 months postpartum, 
mothers completed measures of their own depression symptoms and toddler internalising and 
externalising problems at 30 months.  There was no direct association between prenatal flood 
stress measures and reported toddler behavioural outcomes.  Moderated serial mediation analyses 
found that increased flood-related objective hardship was indirectly associated with greater 
toddler internalising problems through increased PTS symptoms and concurrent maternal 
depressive symptoms, but only among mothers scoring lower in appropriate mind-mindedness.  
For mothers higher in appropriate mind-mindedness, the influence of flood-related maternal 
psychopathology on toddler internalising problems was buffered.  Results suggest that flood 
exposure during pregnancy may be indirectly associated with reports of toddler behaviour 
through an enduring effect on maternal mental health, and that appropriate mind-mindedness 
may reflect a resilience factor for mother-infant dyads exposed to a natural disaster during 
pregnancy.  The current results have implications for screening and intervention with mothers 
and toddlers following high stress pregnancies. 
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Introduction 
Individual differences in child behavioural outcomes arise due to the interaction of 
numerous environmental influences at multiple levels of ecology (Bronfenbrenner, 1977; 
Sameroff, Seifer, Zax, & Barocas, 1987).  The environment early in development is considered 
to be particularly important, with intrauterine conditions during gestation playing a role in 
shaping neurodevelopment, and in turn, susceptibility for disease across the lifespan (Gluckman 
& Hanson, 2004).  Fetal exposure to maternal stress physiology during sensitive periods of 
development may exert an organising influence on neurological structures and networks critical 
to healthy emotional and behavioural functioning, including the hypothalamic-pituitary-adrenal 
(HPA) axis (Van den Bergh et al., 2017).  Such processes are thought to explain the increased 
behavioural problems reported in children exposed to stressful life events or psychological 
distress during gestation (Bendiksen et al., 2015; Lahti et al., 2017; O'Connor, Heron, Golding, et 
al., 2002; Robinson et al., 2008).  
There is also evidence for a positive association between maternal depressive symptoms 
during infancy and child emotional and behavioural problems (Gjerde et al., 2017; S. H. 
Goodman et al., 2011).   Thus, it is critical that prenatal maternal stress (“PNMS”) studies 
control for the confounding influence of maternal postnatal or concurrent mental health on child 
outcomes.  More difficult to control in human research are the co-occurring risk factors common 
to both prenatal and postnatal maternal psychological functioning, such as family conflict 
(Bekkhus et al., 2011) and genetic vulnerability (King et al., 2012).  Seeking to better isolate the 
effects of prenatal exposures from other risk factors, some studies have utilised a natural disaster 
methodology (King et al., 2012).  Previous studies have demonstrated that both a mother’s 
objective hardship from a prenatal natural disaster, and her associated emotional reactions, may 
impact on child development across a range of domains (M. A. McLean et al., 2018; Moss et al., 
2017; Simcock, Laplante, et al., 2016; Yong Ping et al., 2015).   
Prenatal maternal stress: Postnatal mediators and moderators?  While the 
independent and quasi-random nature of a natural disaster makes it particularly appropriate for 
disentangling PNMS exposure from a range of potential confounds, exposure to such events may 
also have enduring psychosocial consequences for affected mothers, including increased PTS 
symptoms (Qu et al., 2012) and depression symptoms up to 2.5 years after the event (Brock et 
al., 2015).   Furthermore, the effects of prenatal natural disaster exposure on child outcomes may 
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be mediated by concurrent maternal mental health (Edwards & Hans, 2016; Rice et al., 2010; 
Tees et al., 2010).  Therefore, conceptualising the full impact and clinical significance of prenatal 
natural disaster exposure for child behavioural development requires investigation of the 
multiple risk and resilience processes in operation (Monk et al., 2012).  
Maternal depressive symptoms during infancy and early childhood are thought to 
influence child behaviour through an effect on quality of caregiving (Feldman et al., 2009; Giallo 
et al., 2014; Villodas et al., 2015).  Nevertheless, not all such mothers demonstrate suboptimal 
caregiving, and it is possible that the relationship between maternal mental health and parenting 
may be one of moderation, rather than mediation (Bouvette-Turcot et al., 2017; Leckman-
Westin, Cohen, & Stueve, 2009).  There is emerging evidence that the association between 
PNMS and child behaviour may also be moderated by maternal caregiving behaviour, including 
maternal sensitivity (Endendijk et al., 2017; Grant et al., 2010).  Despite evidence that the effects 
of both prenatal and postnatal maternal psychological distress may be mitigated by caregiving, 
no studies have examined whether mother-infant interaction may buffer prenatal and postnatal 
pathways linking prenatal exposure to an independent, environmental stressor to child 
internalising and externalising problems. 
Maternal mind-mindedness.  Maternal mind-mindedness (MM) refers to mothers’ 
“proclivity to treat their infants as individuals with minds, rather than merely entities with needs 
that must be met” (Meins, 1999, p. 332).  In the context of infants, maternal mind-mindedness is 
operationalised as the frequency with which a mother comments appropriately on her infant’s 
mental states during a play interaction (Meins & Fernyhough, 2012).  Research supports the 
facilitative influence of “appropriate” maternal mind-mindedness on a range of child 
developmental domains, including attachment security (Meins et al., 2012), executive function 
and self-regulation (Bernier et al., 2010; Bernier et al., 2017) and social cognition (Laranjo, 
Bernier, Meins, & Carlson, 2014; Meins, Fernyhough, et al., 2013).  The few studies that have 
investigated the relationship between maternal mind-mindedness and child behaviour problems 
(Easterbrooks et al., 2017; Hughes, Aldercotte, & Foley, 2016) suggest that these associations 
are complex and may be influenced by contextual factors (McMahon & Bernier, 2017).  For 
example, maternal mind-mindedness has been demonstrated to predict lower internalising and 
externalising problems only amongst pre-schoolers from low socio-economic status families 
(Meins, et al., 2013).  Conversely, Easterbrooks et al. (2017) found that mind-mindedness was 
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associated with fewer behavioural problems only in infants of trauma-exposed adolescent 
mothers who did not meet criteria for posttraumatic stress disorder.  Considering that maternal 
mind-mindedness is potentially modifiable (Schacht et al., 2017), further research is necessary to 
clarify the contexts under which this interactive quality may offer developmental benefits.   
The current study.  In early January 2011, over 70 towns and 200,000 people in the 
state of Queensland, Australia, were directly affected by the most severe flooding event in 30 
years.  As well as over $1 billion of property and infrastructure damage, 35 deaths were 
associated with the flood.  The current study aimed to test a model of the prenatal, postnatal and 
caregiving risk and resilience processes influencing the prediction of behavioural problems in 
toddlers exposed to the flood during pregnancy.  To this end, the study had the following specific 
aims and hypotheses: 
Aim 1:  To determine whether objective hardship (e.g., property or financial loss) or PTS 
symptoms arising from the Queensland 2011 flood predicted increased toddler internalising and 
externalising problems at 30 months, and if this relationship was moderated by maternal 
appropriate mind-mindedness at 16 months.  We hypothesised that greater maternal flood-related 
objective hardship and PTS symptoms will be associated with greater toddler internalising and 
externalising problems, but only amongst mothers with lower levels of appropriate mind-
mindedness. 
Aim 2:  To determine whether the association between prenatal flood exposure and 
toddler behaviour also operated indirectly through increased maternal psychological distress 
experienced during her child’s early years.  We hypothesised that greater flood-related maternal 
objective hardship would be associated with greater toddler internalising and externalising 
problems at 30 months through increased maternal PTS symptoms and concurrent depressive 
symptoms, and that this indirect effect of flood exposure would be evident only for mothers 
lower in maternal appropriate mind-mindedness at 16 months. 
Method 
Participants and procedure.  The present study uses data from the QF2011 Queensland 
Flood Study, which prospectively tracks the developmental outcomes of children born to women 
pregnant during the floods in Queensland, Australia, in January 2011.  Detailed information 
regarding the QF2011 Study objectives and methodology is available elsewhere (King et al., 
2015).  Mothers (N = 230) were recruited between 3 and 12 months after the event from a flood-
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affected region around Brisbane.  Eligibility criteria included: being (a) pregnant with a singleton 
at the peak of the floods in January, 2011; (b) fluency in English; and (c) aged over 18 years.  
Infants born prior to 36 weeks gestation (n = 3) were excluded from the current study. Informed 
consent was obtained from all mothers included in the study, with ethical approval obtained from 
Mater Human Research Ethics Committee (Ref: 1844M) and University of Queensland School 
of Psychology (Ref: 15-PSYCH-PHD-16-JH). 
Mothers completed questionnaires concerning demographic information, flood exposure, 
and PTS symptoms at recruitment and/or at 12 months post-flood.  Eligible mothers who 
completed questionnaires regarding their exposure and reactions to the flood (n = 224) were 
invited to attend a laboratory visit at 16-months postpartum (n = 148), which involved the 
administration of standardised assessments of development (data not reported in this study).  A 
10-minute play interaction was included in this assessment, whereby mothers and infants were 
provided a range of age-appropriate toys and instructed to play as they would at home.  Play 
interactions were video-recorded for transcription and coding.  At 30-months, mothers completed 
follow-up questionnaires about their own mental health and their toddler’s behaviour (n = 131).  
As some mothers’ completion of this survey was delayed, cases were excluded where completion 
of questionnaires occurred when the subject child was aged above 32 months (n =6) to ensure a 
developmentally homogenous sample.   
The final sample for the current study included cases with complete 16-month video-
recorded play interactions and 30-month data available (n = 99).  These mothers were mostly 
Caucasian (94.9%), married or in de facto relationships (89.77%), and primiparous with the 
study infant (51%).   Mothers were exposed in first (39.4%), second (34.3%) and third (26.3%) 
trimesters of gestation.  Refer to Table 5.1 for further sample characteristics. 
Measures.  
Prenatal maternal stress.  Objective hardship was measured using the Queensland Flood 
Objective Stress Scale (QFOSS; King et al., 2015), a survey based on previous flood research 
(Yong Ping et al., 2015), tailored to the unique circumstances of the Queensland floods to 
maximize sensitivity.  QFOSS assessed four dimensions of flood-related hardship:  (a) Threat 
(13 items; e.g., “Were you injured?”), (b) Loss (10 items; e.g., “Did you experience loss of 
personal income?”), (c) Scope (12 items; e.g., “How many days were you without electricity?”), 
and (d) Change (20 items; e.g., “Did you spend any time in a temporary shelter?”).  Dimensions 
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were summed to find a total QFOSS score with a maximum of 200 points; higher scores 
indicated greater flood exposure.   
Flood-related PTS symptoms were assessed using the 22-item Impact of Event Scale-
Revised (IES-R; Weiss & Marmar, 1997).  The total PTS score used for analyses, reflecting 
mothers’ total distress experienced due to intrusion, avoidance and hyperarousal symptoms in 
relation to the flood during the prior seven days.  The IES-R has demonstrated sound 
psychometric properties (Creamer et al., 2003) and has been used extensively in natural disaster 
research (Grimm et al., 2012; Paxson et al., 2012), including during pregnancy (King et al., 
2012; Qu et al., 2012).   With a maximum total score of 88, a cut-off score of 33 has been used to 
indicate clinically significant symptoms (Creamer et al., 2003).  The IES-R demonstrated good 
internal consistency in the current sample, when completed at recruitment (α = .95) and at 12 
months post-flood (α =.93).   
Concurrent maternal depressive symptoms.  Maternal depressive symptoms was 
assessed at 30 months using the short-form Depression Anxiety and Stress Scales (DASS-21; 
Lovibond & Lovibond, 1995), with  symptom severity measured using a 4-point scale.  Only the 
depression subscale was used in the current study based on evidence of increased risk of 
depression following exposure to a natural disaster (Brock et al., 2015; Fergusson et al., 2014).  
Cut-off scores indicating normal (0-9), mild (10-13), moderate (14-20) and severe (21-27) and 
extremely severe (28+) levels of depression symptoms are provided in the manual (Lovibond & 
Lovibond, 1995).  The depression subscale demonstrated adequate internal consistency (α = .86) 
in the current study.   
Maternal mind-mindedness.  Maternal speech during the 10-minute play interaction at 
16 months was transcribed and coded by the first author according to the procedures detailed in 
the Mind-Mindedness Coding Manual Version 2.1 (Meins & Fernyhough, 2012).  Each maternal 
comment was coded as mind-related if it referred to her toddler’s internal states (e.g., desires, 
cognitions, emotions and epistemic states) or involved talking on the infant’s behalf.  Mind-
related comments were categorised as “appropriate” or “nonattuned” based on observation of the 
infant’s affect and behaviour at the time of the comment.  Appropriate mind-related comments 
were those that reflected an accurate assessment of the infant’s current internal state, referred to 
past or future events relevant to the infant’s current internal state, suggested a new activity that 
the infant would like or want in the event of a lull in the interaction, or involved speaking on 
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behalf of the infant.  Nonattuned mind-related comments were those that did not map onto the 
infant’s current observed affect and behaviour.   
A random sample of videos (29%) was coded by a second researcher who was blind to 
study hypotheses, to determine reliability of coding mind-related comments as appropriate or 
nonattuned.  Cohen’s kappa found a concordance of .43, indicating moderate agreement (Landis 
& Koch, 1977); however, calculating the prevalence index (pindex = .83) highlighted reduced 
interpretability of kappa due to the very low frequency of nonattuned comments.  Accordingly, 
the “prevalence adjusted bias adjusted kappa” (PABAK) was calculated (Byrt, Bishop, & Carlin, 
1993) finding a value of .82, reflecting almost perfect agreement (Landis & Koch, 1977).  
Following Cicchetti and Feinstein (1990), the proportion of positive agreement was calculated 
(ppos = .95), indicating high sensitivity for detecting appropriate mind-related comments, with a 
proportion of negative agreement (pneg  = .48), suggesting a low specificity for coding mind-
related comments as nonattuned.  Differences were resolved by discussion for 86.5% of the 
comments, including involvement of a third party (GS) to resolve 13.5% comments where an 
agreement was unable to be reached.   Only appropriate mind-related comments (“appropriate 
mind-mindedness”) were used in analyses due to the low frequency and reliability of nonattuned 
comments in the current study, and the greater evidence base for appropriate mind-mindedness 
(McMahon & Bernier, 2017).  Frequency scores for appropriate mind-mindedness were used in 
all analyses, controlling for maternal total comments to account for maternal verbosity (Lesaffre, 
Rizopoulos, & Tsonaka, 2007).  Appropriate mind-mindedness frequency scores were square-
root transformed to correct positive skewness (Field, 2013; Tabachnick & Fidell, 2013).  
Toddler behavioural problems.  The Child Behaviour Checklist (CBCL) for ages 1.5-5 
years (Achenbach & Rescorla, 2001a) is a widely-used parent report measure incorporating 99 
items assessing a range of child emotional, behavioural and social difficulties.  Mothers were 
invited to indicate on a 3-point Likert scale (0 = “not true”, 1 = “somewhat or sometimes true”, 
and 2 = “very true or often true”) how well each item describes their child’s behaviour in the past 
two months.  The measure includes seven behavioural syndromes several of which are reduced 
to two composite scores, CBCL-Internalising (Emotionally Reactive, Anxious/Depressed, 
Somatic Complaints, Withdrawn) and CBCL-Externalising (Attention Problems and Aggressive 
Behaviour), which were converted into standardized T scores (M = 50, SD = 10).  Clinical cut-
offs established by the authors enable classification of children as falling within the Normal (T ≤ 
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59), Borderline (60 ≥ T ≤ 63) or Clinical (T ≥ 64) range.  The CBCL-Internalising and CBCL-
Externalising scales demonstrate strong reliability and validity (Achenbach & Rescorla, 2001a).  
Internal consistency was acceptable for the CBCL-Internalising scale (α = .78) and good for the 
CBCL-Externalising scale (α = .88) in this study. 
Potential covariates.  A number of demographic and obstetric variables known to impact 
on maternal mental health and toddler behaviour were included as potential covariates, such as 
maternal age and number of years schooling, toddler age, sex, birthweight, and gestational age at 
birth.  Socio-economic status was estimated using Australian Bureau of Statistics’ Socio-
Economic Indexes for Areas (SEIFA) scores based on census data regarding postcode (M = 
1000, SD = 500), with higher scores indicating greater socio-economic advantage of the 
neighbourhood of residence.  To control for non-flood sources of PNMS, mothers completed a 
modified version of the Life Experience Survey (LES; Sarason, Johnson, & Siegel, 1978).  The 
LES lists 57 life events and invites the mother to indicate whether they experienced each event, 
and the impact of any experienced events using a 7-point Likert scale from “extremely negative” 
to “extremely positive”.  To reduce participant burden, the list of life events was shortened to 26 
items by removing events less relevant to the sample (e.g., “retirement from work”).  The total 
number of prenatal negative life events was used in the current study.   
Statistical analysis.  SPSS version 22.0 was used for all analyses.  Firstly, recruitment 
and 12-month post-flood scores were aggregated for the flood-related variables (King et al., 
2015).  Attrition analyses were performed, comparing cases with and without complete data at 30 
months follow-up.  Due to non-normality of potential covariates, preliminary bivariate 
correlations between predictors, potential covariates and toddler outcome variables were 
conducted using Spearman’s Rho to determine the covariates to be entered into the models being 
tested, based on significant or near-significant (p < .1) correlations with the outcome variables.  
Variables were inspected for normality and univariate outliers, which were corrected using log or 
square-root transformations as appropriate (Field, 2013; Tabachnick & Fidell, 2013).  Bivariate 
relationships were inspected for curvilinearity, and all regression models were examined to 
check assumptions were met and generalisability of models.  One multivariate outlier was 
excluded after inspection of data raised concerns about reliability of maternal report.  Following 
preliminary Pearson’s r correlations, hierarchical multiple regression analyses were conducted to 
test the direct effects of flood-related objective hardship and PTS symptoms on CBCL-
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Internalising and CBCL-Externalising Problems at 30 months.  Significant covariates were 
entered at step one, followed by objective hardship at step two.  At step three, PTS symptoms 
was entered, with concurrent depressive symptoms entered at step four.  Moderation analyses 
were then conducted using the PROCESS Macro (Hayes, 2013) to test whether the associations 
between maternal flood-related PNMS (objective hardship and/or PTS symptoms) and toddler 
behaviour problems were conditional on maternal appropriate mind-mindedness.  Interactions 
were probed using the Johnson-Neyman technique.  The alpha level for the significance of main 
and interaction effects was set to .05.   
PROCESS Macro (Hayes, 2013) was used to test the proposed indirect effect of objective 
hardship on toddler CBCL-Internalising and CBCL-Externalising through increased PTS 
symptoms and concurrent depressive symptoms.  Inference about specific indirect effects was 
based on bias-corrected bootstrap confidence intervals, which is considered to be more powerful 
than the normal theory approach (Williams & MacKinnon, 2008).  Evidence of a mediation 
effect was inferred where zero fell outside of the 95% bootstrap confidence interval for the 
specific indirect effect (Hayes, 2013).  Moderated serial mediation analyses were conducted 
using the PROCESS Macro and the procedure outlined by Hayes (2015).  All regression 
coefficients generated by PROCESS Macro are unstandardized.   
Results 
Participant characteristics.  Descriptive data (Table 5.1) show a wide range of PNMS 
scores in the current sample.  While IES-R scores were low in comparison to other flood-affected 
non-treatment-seeking samples (Craparo et al., 2014), with only 4% of mothers reporting 
clinically-significant PTS symptoms using the cut-off established by Creamer et al. (2003), the 
level of symptoms in the current sample was consistent with a cohort of flood-affected pregnant 
women in Iowa, USA (M = 5.45, SD = 8.80) (Yong Ping et al., 2015).  Most mothers (85.9%, n = 
85) reported concurrent depression symptoms in the normal range.  Similarly, the incidence of 
internalising or externalising problems was not increased in the toddlers in our study compared 
with normative data (Achenbach & Rescorla, 2001a).  Applying established cut-offs indicated 
that 96% (n = 95) of toddlers had CBCL-Internalising scores in the normal range, 3% (n = 3) in 
the borderline clinical range and 1% (n = 1) in the clinical range.  For CBCL-Externalising, 
90.9% (n = 90) of toddlers had scores in the normal range, 4% (n = 4) in the borderline range, 
and 5.1% (n = 5) in the clinical range of scores. 
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Table 5.1 
Descriptive Statistics and Correlations with Toddler Behavioural Problems 
    Child Behaviour Checklist 
 M SD Range Internalising Externalising 
Flood-related stress variables      
Objective hardship 21.57 7.18 2 - 81 .17 .25* 
Posttraumatic stress symptoms 6.41 10.29 0 - 55 .25* .21* 
      
Maternal mental health (30 months)     
Depressive symptoms  4.04 5.24 0 - 26 .31** .11 
      
Maternal demographics      
Maternal age at child’s birth 32.28 4.67 20.54 – 47.33 -.01 .11 
SEIFA 1055.19 54.40 902 - 1175 -.04 .06 
Maternal education 16.19 2.60 12 - 19 -.25* -.09 
      
Perinatal and obstetric variables      
Prenatal negative life events 1.23 1.88 0 - 8 .12 .11 
Gestation (weeks) 39.41 1.28 36 - 42 -.11 -.13 
Birthweight (grams) 3608.91 455.05 2730 - 5050 -.16 -.15 
      
Maternal speech (16 months)       
Maternal verbosity 160.53 44.49 51 - 275 -.13 -.02 
Mind-related comments     9.08 5.33 0 - 27 -.07 -.05 
Appropriate mind-mindedness 
(frequency) 
    8.01 4.82 0 - 24 -.03 -.02 
Appropriate mind-mindedness 
(percentage)     5.00 2.78 0 – 13.79 .07 .02 
      
Toddler variables      
Sex (coded 0 = boy, 1 = girl) 61.6% boys 
38.4% girls 
 -.07 -.21* 
Age at assessment (months)  29.99 0.74 28.52 – 31.84 .11 -.03 
CBCL-Internalising 43.66 9.21 29 - 64    - .57** 
CBCL-Externalising  46.61 9.20 28 - 67 .57**       - 
Note: Spearman’s rho correlations between untransformed variables; SEIFA = Socio-Economic Indexes for Areas; 
CBCL = Child Behaviour Checklist.  
** p < .01,  *p < .05, ^ p < .1 
 
Attrition analyses.  Attrition analyses conducted to compare all participants with (n = 
109) and without (n = 121) complete data prior to applying study criteria exclusions found no 
differences on objective hardship, PTS symptoms or socio-economic status (SEIFA scores).  
Mothers with complete data on all study variables were older (M = 32.21 versus M =30.03, 
t(228) = -3.18, p = .002), had more years of education at recruitment (M = 14.95 versus M = 
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13.48, t(225.3) = -4.003, p < .001), and were more likely to have household incomes greater than 
$2000 per week (χ2(4, N = 194) = 12.35, p = .014) compared with mothers without complete 
data across time-points.  
Preliminary analyses.  Bivariate Pearson’s correlations indicated that greater CBCL-
Internalising problems scores were associated with increased PTS symptoms, concurrent 
depressive symptoms, and fewer maternal years of education (refer Table 5.1).  Greater CBCL-
Externalising problem scores were associated with greater objective hardship, PTS symptoms 
and toddler male sex.  Maternal appropriate mind-mindedness was positively correlated with 
verbosity, but was not significantly correlated with flood-related PNMS variables, concurrent 
depressive symptoms or toddler outcomes (refer Table 5.2), and was also unrelated to maternal 
age, maternal education and SEIFA score. 
 
Table 5.2 
Correlations Among Maternal and Toddler Variables 
 1 2 3 4 5 6 7 
1. Objective hardship - .596** .093 -.083 .048 .183 .283** 
2. PTS symptoms .596** - .225* -.016 -.086 .246* .230* 
3. Depressive symptoms .093 .225* - -.103 -.055 .296** .135 
4. Maternal verbosity -.083 -.016 -.103 - .359** -.137 .003 
5. Appropriate mind-mindedness 
(frequency) .048 -.086 -.055 .359
** - -.036 .053 
6. Appropriate mind-mindedness 
(percentage) .077 -.109 -.009 -.019 .900** .020 .064 
7. CBCL-Internalising  .183 .246* .296** -.137 -.036 - .601** 
8. CBCL-Externalising  .283** .230* .135 .003 .053 .601** - 
Note: Pearson’s r correlations.  PTS = Posttraumatic stress symptoms 
** p < .01,  *p < .05, ^ p < .1 
 
 
Aim 1: Moderation of the direct effect of flood-related PNMS on toddler 
internalising and externalising problems by appropriate mind-mindedness. 
Hierarchical multiple regression analyses were conducted to investigate the association 
between flood-related PNMS (objective hardship and PTS symptoms) and CBCL-Internalising 
and CBCL-Externalising problems.  For CBCL-Internalising, maternal education was entered as 
a covariate.  In the final model (Table 5.3a), maternal education (p = .006) and concurrent 
maternal depressive symptoms (p = .007) were significant predictors of CBCL-Internalising 
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scores, with fewer years of education and greater depression associated with higher CBCL-
Internalising symptoms.  There were no main effects of flood-related objective hardship or PTS.  
The final model explained 19.2% of variance in CBCL-Internalising problems (F (4, 94) =5.588, 
p < .001).  Moderation analyses using PROCESS found that maternal appropriate mind-
mindedness did not interact with either objective hardship or PTS symptoms for predicting 
CBCL-Internalising scores.   
For CBCL-Externalising problems, toddler sex emerged as a significant covariate based 
on a significant negative bivariate correlation indicating greater CBCL-Externalising for boys.  
The final model (Table 5.3b) also revealed a significant negative association of toddler sex with 
CBCL-Externalising problems (p = .028), with boys rated as higher in CBCL-Externalising 
problems than girls. There was also a trend for mothers with greater flood-related objective 
hardship to report greater CBCL-Externalising problems for their toddlers (p =.064).  PTS and 
concurrent depressive symptoms were not significant predictors of CBCL-Externalising.  The 
final model was significant (F (4, 94) = 3.84, p = .006) and explained 14% of variance in CBCL-
Externalising scores.  Moderation analyses found that the interactions of both objective hardship 
and PTS symptoms with appropriate mind-mindedness for predicting CBCL-Externalising 
problems were not significant. 
Aim 2: Moderation of the indirect effect of flood-related PNMS on toddler 
internalising and externalising problems by appropriate mind-mindedness.   To test the 
hypothesis that the effects of flood exposure during pregnancy may have operated indirectly, by 
increasing a mother’s concurrent depressive symptoms, we tested a serial multiple mediation 
model whereby CBCL-Internalising problems were predicted by objective hardship through PTS 
(M1) and concurrent maternal depressive symptoms (M2) as mediators, adjusted for maternal 
education.  Three indirect effects were estimated, with 95% bias-corrected bootstrap confidence 
intervals based on 10,000 bootstrap samples.  Total, direct and indirect effects are presented in 
unstandardized form.  One indirect effect (refer Table 5.4) exhibited bootstrap confidence 
intervals entirely above zero, supporting a mediation effect.  Flood-related objective hardship 
was associated with CBCL-Internalising problems through an effect on maternal PTS and 
concurrent depressive symptoms (coefficient = 0.48, 95% CI [0.01, 1.32]).  Mothers who 
reported greater objective hardship from the floods reported more PTS symptoms, which were 
associated with greater depression at 30 months, which were associated with increased CBCL-
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Internalising problems at 30 months.  Indirect paths linking objective hardship to CBCL-
Internalising through PTS alone, and through depression alone were not significant.   
 
 
Table 5.3 
Hierarchical Multiple Regression Analyses for Prediction of (a) CBCL-Internalising and (b) 
Externalising Problems by Flood-Related Prenatal Maternal Stress 
 
Model B SE β R2 ∆R2 95.0% CI for B p 
a) CBCL-Internalising Problems       
1 Maternal education -0.90 0.35 -.26 .07 .07 [ -1.59, -0.21] .011 
2 Maternal education -0.94 0.34 -.26 .10 .04 [-1.61, -0.26] .008 
 Objective hardship 2.34 1.16 .20   [0.04, 4.64] .046 
3 Maternal education -0.89 0.34 -.25 .13 .02 [-1.57, -0.22] .010 
 Objective hardship 0.99 1.44 .08   [-1.86. 3.84] .491 
 PTS symptoms 1.46 0.93 .19   [-0.39, 3.31] .120 
4 Maternal education -0.92 0.33 -.26 .19 .07 [-1.58, -0.27] .006 
 Objective hardship 1.20 1.39 .10   [-1.55, 3.96] .388 
 PTS symptoms 0.91 0.92 .12   [-0.92, 2.75] .325 
 Depressive symptoms 5.49 1.97 .27   [1.57, 9.40] .007 
         
b) CBCL-Externalising Problems       
1 Toddler sex -3.72 1.87 -.20 .04 .04 [-7.43, 0.00] .05 
2 Toddler sex -3.80 1.80 -.20 .12 .08 [-7.37, -0.22] .038 
 Objective hardship 3.42 1.14 .29   [1.15, 5.69] .004 
3 Toddler sex -3.93 1.81 -.21 .13 .01 [-7.52, -0.35] .032 
 Objective hardship 2.59 1.43 .22   [-0.24, 5.42] .073 
 PTS symptoms 0.90 0.93 .12   [-0.94, 2.75] .334 
4 Toddler sex -4.03 1.81 -.21 .14 .01 [-7.62, -0.45] .029 
 Objective hardship 2.67 1.43 .22   [-0.16, 5.50] .064 
 PTS symptoms 0.69 0.95 .09   [-1.20, 2.57] .472 
 Depressive symptoms 2.25 2.04 .11   [-1.80, 6.29] .273 
Note: CBCL, Child Behaviour Checklist; PTS, Posttraumatic stress symptoms 
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Table 5.4 
 
Indirect Effects and Indices of Moderated Mediation for Paths Linking Flood-Related Objective Hardship to Toddler Internalising 
and Externalising Problems 
 
Effect Estimate [LLCI, ULCI] 
a) CBCL-Internalising Problems   
Objective hardship→ PTS → CBCL-Internalising  1.04 [-0.58, 2.96] 
Objective hardship → Depressive Symptoms → CBCL-Internalising -0.19 [-1.23, 0.48] 
Objective hardship → PTS → Depressive Symptoms → CBCL-Internalising 0.48 [0.01, 1.32] 
Objective hardship →  Depressive Symptoms x Appropriate mind-mindedness → CBCL-Internalising 0.17 [-0.38, 1.16] 
Objective hardship → PTS → Depressive Symptoms x Appropriate mind-mindedness → CBCL-Internalising  -0.43 [-1.33, -0.01] 
b) CBCL-Externalising Problems   
Objective hardship → PTS → CBCL-Externalising 0.63 [-1.05, 2.33] 
Objective hardship →  Depressive Symptoms → CBCL-Externalising -0.08 [-0.95, 0.19] 
Objective hardship → PTS → Depressive Symptoms → CBCL-Externalising 0.20 [-0.11. 0.92] 
Objective hardship →  Depressive Symptoms x Appropriate mind-mindedness → CBCL- Externalising 0.15 [-0.36, 0.97] 
Objective hardship → PTS → Depressive Symptoms x Appropriate mind-mindedness → CBCL-Externalising -0.45 [-1.43, -0.11] 
Note: CBCL = Child Behaviour Checklist; PTS = posttraumatic stress symptoms; CBCL-Internalising  = Child Behaviour Checklist Internalising scale; CBCL-
Externalising  = Child Behaviour Checklist Externalising scale; 
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Before testing whether appropriate mind-mindedness moderated an indirect effect of 
flood-related objective hardship on CBCL-Internalising problems, moderation of the association 
between concurrent maternal depressive symptoms and CBCL-Internalising problems was tested.  
A trend level interaction (p =.06) indicated that the relationship between maternal depressive 
symptoms and CBCL-Internalising was conditional on maternal appropriate mind-mindedness 
(Figure 5.1), when controlling for objective hardship, PTS and maternal education.  J-N 
technique revealed that greater maternal depressive symptoms were significantly associated with 
higher CBCL-Internalising problems at below approximately 10 appropriate mind-related 
comments during the 10-minute play interaction (square-root transformed scores less than 3.26).  
 
 
  
Figure 5.1.  The moderating effect of maternal appropriate mind-mindedness on the relationship 
between concurrent maternal depressive symptoms (log-transformed) and Child Behaviour 
Checklist Internalising Problems scale. 
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The serial mediation linking flood-related objective hardship to CBCL-Internalising 
problems through maternal PTS and concurrent depressive symptoms, conditioned on maternal 
appropriate mind-mindedness, was then tested (Figure 5.2). A moderated serial mediation 
analysis, controlling for maternal education and the total number of maternal comments, showed 
that greater maternal flood-related objective hardship predicted higher PTS symptoms, which 
predicted greater concurrent maternal depressive symptoms at 30 months, which in turn 
predicted greater CBCL-Internalising symptoms, moderated by appropriate mind-mindedness.   
The bias-corrected confidence interval for the index of moderated mediation did not contain zero 
(index = -.43, 95% BCCI [-1.33, -0.01], meeting Hayes’ (2015) criterion for moderated 
mediation.  Analysis of indirect paths for different levels of appropriate mind-mindedness found 
that the indirect effect of flood-related objective hardship on CBCL-Internalising through 
maternal PTS and depression was significant at the 10th percentile (index = 0.88, 95% BCCI 
[0.12, 2.34], the 25th percentile (index = 0.69, 95% BCCI [0.09, 1.86]) and the 50th percentile 
(index = 0.53, 95% BCCI [0.06, 1.55]).  Flood-related objective hardship was associated with 
increased toddler internalising problems through an effect on maternal PTS and depression 
symptoms, only when mothers were lower in appropriate mind-mindedness (where the 50th 
percentile reflected a frequency of seven appropriate mind-related comments during the 10-
minute play interaction in the current study).  Conversely, there was no indirect relationship 
between objective hardship from the floods and toddler internalising problems for mothers at the 
75th percentile (index = 0.26, 95% BCCI [-0.10, 1.20]) and 90th percentile (index = 0.09, 95% 
BCCI [-0.42, 1.02]) of appropriate mind-mindedness, indicating a lack of an indirect effect of 
flood exposure on toddler internalising problems for mothers who made 11 or more appropriate 
mind-related comments during the 10-minute play interaction.      
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a1 = .92** 
b4 = -4.70^  b3 = 2.75^  
Figure 5.2.  Path model for the moderated serial mediation linking objective hardship to CBCL-Internalising problems through 
maternal posttraumatic stress (PTS) symptoms, and concurrent maternal depressive symptoms  at 30 months, moderated by maternal 
appropriate mind-mindedness.  All coefficients are unstandardized.   Mind-mindedness = Appropriate mind-related comments.   
** p < .01,  *p < .05, ^ p < .1. 
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For CBCL-Externalising problems, serial mediation analysis showed that all three 
indirect paths linking flood-related objective hardship to CBCL-Externalising problems, 
controlling for infant sex, exhibited bootstrap confidence intervals containing zero, indicating 
that the hypothesized mediation was not supported.  Inspection of paths suggested that neither 
PTS nor concurrent depressive symptoms significantly predicted CBCL-Externalising problems, 
consistent with the results of the initial regression.  However, moderation analysis found a 
marginal interaction (p = .053) between concurrent maternal depressive symptoms and 
appropriate mind-mindedness for predicting CBCL-Externalising problems, when controlling for 
objective hardship, PTS and maternal education (Figure 5.3).  Applying the J-N technique 
demonstrated significant conditional effects, with greater maternal depressive symptoms 
associated with higher CBCL-Externalising problems only at levels of appropriate mind-
mindedness below approximately six comments (square-root transformed scores less than 2.50) 
during the 10-minute play interaction.   
 
 
Figure 5.3.  The moderating effect of maternal appropriate mind-mindedness on the relationship 
between concurrent maternal depressive symptoms (log-transformed) and Child Behaviour 
Checklist Externalising Problems scale. 
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Considering evidence of a significant association between concurrent depressive 
symptoms and CBCL-Externalising at lower appropriate mind-mindedness, we proceeded to test 
moderation of the serial mediation model for this outcome.  Controlling for toddler sex and total 
maternal comments, greater maternal flood-related objective hardship predicted higher PTS 
symptoms, which predicted greater concurrent maternal depressive symptoms at 30 months, 
which in turn predicted toddler CBCL-Externalising symptoms, moderated by appropriate mind-
mindedness.  The bias-corrected confidence interval for the index of moderated mediation did 
not contain zero (index = -0.45, 95% BCCI [-1.43, -0.11], meeting Hayes’ (2015) criterion for 
moderated mediation.  However, the indirect effect was not significant at any level of maternal 
mind-mindedness tested (10th, 25th, 50th, 75th or 90th percentile), suggesting that the moderated 
indirect effect may not have been of sufficient strength to be detected at any level of appropriate 
mind-mindedness. 
Discussion 
The current study tested a comprehensive model of the risk and resilience processes 
predicting reported behavioural outcomes in toddlers exposed to a natural disaster during 
pregnancy.   While there were no significant direct effects of flood-related objective hardship or 
PTS on maternal reports of internalising or externalising behaviour, moderated serial mediation 
analyses found that increased objective hardship was indirectly associated with greater reported 
toddler internalising problems through increased PTS symptoms and concurrent maternal 
depressive symptoms, but only amongst mothers lower in appropriate mind-mindedness at 16 
months postpartum.  For mothers higher in appropriate mind-mindedness, the influence of flood-
related maternal psychopathology on toddler internalising problems was buffered.  Overall, these 
findings suggest that prenatal exposure to a natural disaster may impact on toddler 
developmental trajectories indirectly, through enduring effects on maternal mood.  Importantly, 
this may be mitigated by quality of mother-infant interaction at 16 months, particularly a 
mother’s tendency to “tune in” to her toddler’s mind (Meins, 2013), as reflected by her 
frequency of accurate child-directed mental state comments during play.   
These findings are consistent with studies reporting a lack of direct effects of prenatal 
daily hassles, pregnancy-related anxiety and perceived stress (Gutteling et al., 2005), and 
prenatal anxiety and depression symptoms (Marceau et al., 2013), on internalising behaviours in 
toddlers.  Robinson et al. (2008) found that greater prenatal stressful life events was associated 
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with increased child internalising problems at five years, but not at two years old, with a gradual 
increase in internalising problems for PNMS-exposed children found in this cohort (Tearne et al., 
2015).  A significant direct effect of disaster-related PTS on internalising problems in 4-year-
olds was reported by King et al. (2012), who also found that internalising problems increased 
over time in their exposed sample, in comparison to normative data.  Additionally, a trend-level 
effect of objective hardship was found for predicting internalising problems in the QF2011 
cohort at 4 years old (M. A. McLean et al., 2018).  Accordingly, it is possible that any direct 
prenatal effects of flood exposure on this outcome may be expressed later in childhood, speaking 
to the importance of prospective studies to fully appreciate the developmental unfolding of risk 
conferred by PNMS exposure. 
Flood-related objective hardship was associated with reported toddler internalising 
problems through the enduring effects of flood exposure on maternal psychological adjustment, 
consistent with indirect effects of prenatal stress or distress exposure through maternal postnatal 
depression previously demonstrated (Edwards & Hans, 2016; Lahti et al., 2017; Tees et al., 
2010).  Adoption studies have also found that concurrent maternal psychopathology is both more 
predictive than prenatal exposures for child internalising problems in toddlers (Marceau et al., 
2013), but has also been found to reflect a mediator of the effects of prenatal perceived stress on 
child anxiety symptoms (Rice et al., 2010).  Nevertheless, this postnatal risk pathway was only 
evident for toddlers of mothers with lower mind-mindedness.  Previous research has found that 
maternal psychological maladjustment during early childhood was associated with greater child 
behavioural problems only in the context of less optimal mother-infant interaction (Bouvette-
Turcot et al., 2017).  The current results support the view that maternal mind-mindedness may be 
most beneficial for children exposed to early adversity (Meins, Centifanti, et al., 2013), with 
higher appropriate mind-mindedness possibly reflecting a protective factor, conferring resilience 
under conditions of risk (Rutter, 2012). 
While our study is not able to elucidate the mechanisms by which maternal mind-
mindedness may have conferred its protective benefits on toddler internalising problems, there 
are a number of ways that attuned parenting may be particularly important for mothers 
experiencing depressive symptoms.  In addition to enhancing mother-infant attachment security 
(Meins et al., 2001), higher levels of mind-mindedness may counteract the negative effects of 
depressed mood on parenting behaviour (Feldman et al., 2009).  It is possible that higher 
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maternal mind-mindedness is associated with better executive function, enabling mothers to 
remain child-focused in the context of cognitive symptoms that may otherwise reduce her ability 
to “tune in” to her child’s mind, such as rumination (DeJong, Fox, & Stein, 2016).  Greater 
appropriate mind-mindedness has also been associated with lower parenting stress (Camisasca, 
Procaccia, Miragoli, Valtolina, & Di Blasio, 2017), more progressive beliefs about parenting and 
children (Jessee, McElwain, & Booth-Laforce, 2016), internal parental locus of control 
(Camberis, McMahon, Gibson, & Boivin, 2016) and greater support for children’s autonomy 
(Bernier et al., 2010).   
The current results are consistent with Thomas et al. (2017), who found that maternal 
sensitivity buffered the indirect effect of maternal pregnancy anxiety exposure on infant emotion 
regulation at 6 months via infant temperament at 3 months, with no evidence of moderation of 
the direct prenatal effect.  Nevertheless, the present findings conflict with another study within 
the QF2011 cohort that found that maternal structuring behaviours buffered the direct effects of 
flood-related prenatal maternal subjective stress on toddler language development at 30 months 
(Austin et al., 2017).  Similarly, these findings contrast with studies showing that quality of the 
mother-infant relationship significantly moderated the association between both prenatal 
stressful life events (Bergman et al., 2008) and prenatal anxiety disorder (Grant et al., 2010) and 
infant emotional and behavioural regulation.  Notably, Endendijk et al. (2017) found that the 
association of prenatal maternal psychological stress with internalising symptoms was buffered 
by maternal sensitivity for girls only.  Future studies with larger sample sizes should consider the 
possibility that the protective effects of maternal caregiving on prenatal exposures may be 
dependent on the sex of the child. 
There was a trend for mothers who reported greater flood-related objective hardship to 
describe their toddlers as higher in externalising problems, consistent with previous studies 
finding similar effects of prenatal exposure to stressful life events during pregnancy (Robinson et 
al., 2008).  The lack of a direct influence of flood-related PTS on this outcome in the current 
study conflicts with previous natural disaster research finding an association between child 
externalising problems and PTS symptoms arising from exposure to a severe ice storm (King et 
al., 2012), a discrepancy that may be due to the relatively low level of symptoms in mothers in 
our sample.  PTS symptoms arising from exposure to a flood may be less severe than that 
associated with other types of natural disasters (Grimm et al., 2012), and the severity of PTS 
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symptoms in the current study was consistent with another cohort of flood-affected pregnant 
women (Yong Ping et al., 2015).  These findings suggest that objective hardship may be 
associated with externalising problems in this study through mechanisms other than maternal 
subjective distress.  For example, mothers who experienced greater flood-related hardship, such 
as property damage, may have experienced a negative effect on their diet or adherence to 
multivitamin supplementation (Dancause et al., 2016).  Alternatively, objective hardship may 
have impacted on externalising behaviour through epigenetic mechanisms (Cao-Lei et al., 2015). 
There was also no strong evidence of a postnatal pathway predicting reported 
externalising problems from flood exposure, regardless of the level of maternal mind-
mindedness.  This contrasts with Lahti et al. (2017) who found that the relationship between 
prenatal maternal depressive symptoms and young children’s externalising problems was 
partially mediated by concurrent maternal mood.  However, these results are consistent with Rice 
et al. (2010), who found no mediation of the effects of prenatal perceived stress exposure by 
concurrent maternal mood for antisocial behaviour in 4 to 10 year old children, despite finding 
evidence of a postnatal path for child anxiety.  Interestingly, the maternal flood stress variables 
were not associated with appropriate mind-mindedness, consistent with a similar lack of 
association between PNMS exposure and maternal caregiving in another study in this cohort 
(Austin et al., 2017). 
Limitations and future directions.  The current findings should be interpreted in the 
context of certain limitations.  Although a common issue in prospective studies, there was 
notable attrition between recruitment and the 16-month follow-up.  Participants with complete 
data were no different from non-responders on flood stress measures; however, they 
demonstrated greater demographic advantage than those who declined to participate.  While this 
may limit the generalisability of the current results to more diverse populations (Nielsen, Haun, 
Kärtner, & Legare, 2017), recent simulation studies suggested that estimates of association in 
prospective studies may be considered valid despite attrition (Gustavson et al., 2012; Wolke et 
al., 2009).  A natural disaster methodology involves quasi-random assignment of a stressor 
irrespective of other risk factors, and the current study included women with a range of flood 
experiences; however, inclusion of a matched control group pregnant during a period without a 
natural disaster would have strengthened any conclusions concerning causality.  Additionally, 
although conceptualised as a trauma-exposed sample, the QF2011 mothers demonstrated levels 
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of psychopathology comparable to community cohorts.  Together with our modest sample size, 
this may have limited power to detect effects.   
Our sample size also precluded the investigation of differences in mechanisms according 
to toddler sex.  Some studies find evidence that the effects of exposure to prenatal anxiety and 
depression symptoms (de Bruijn et al., 2009) or stressful life events (Lin et al., 2017) on child 
behavioural problems may be sex-dependent.  Additionally, the role of maternal caregiving for 
buffering the effects of prenatal maternal emotional symptoms on behavioural outcomes may 
also depend on the sex of the child (Endendijk et al., 2017; H. Sharp et al., 2015).  The timing of 
stress exposure during gestation is also an important potential moderator (Bendiksen et al., 2015; 
de Bruijn et al., 2009) that was not able to be examined here due to the limited sample size. 
Finally, the current study relied on maternal report of both toddler and maternal symptoms.  
While controlling for concurrent maternal depressive symptoms served to minimise the reporter 
bias (Gartstein, Bridgett, Dishion, & Kaufman, 2009), the influence of shared method variance 
cannot be ruled out.  Future studies may benefit from multiple informants of child outcomes to 
address this issue.    
Conclusions and implications.  Using a natural experiment methodology, the current 
study was uniquely positioned to investigate a comprehensive model of prenatal, postnatal and 
caregiving risk and resilience processes influencing the prediction of reported toddler behaviour 
following prenatal exposure to a natural disaster.  Additionally, this research extended on 
previous studies by investigating the interaction of PNMS from a natural disaster with maternal 
caregiving in general, and maternal mind-mindedness in particular, for predicting reported 
toddler internalising and externalising behaviour problems.  The current findings extend existing 
literature concerning the contexts within which maternal mind-mindedness may benefit child 
behavioural development, further highlighting the differential benefits of this quality according 
to contextual factors.   
While further research is needed to replicate these findings, preferably in a larger, more 
affected sample using a prospective longitudinal design, two important clinical implications arise 
from the current study.  Firstly, evidence of a postnatal risk pathway linking prenatal flood 
exposure to toddler outcomes underscores the importance of screening and supporting mothers 
who have experienced a prenatal stressful life event, both during pregnancy and up to three years 
postpartum.  Additionally, the protective effect demonstrated here suggests that appropriate 
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mind-mindedness may offer a potential target for early intervention with mother-infant dyads 
from high stress pregnancies.  There is preliminary evidence that aspects of maternal mind-
mindedness may be modifiable (Schacht et al., 2017), and the effectiveness of interventions 
targeting similar maternal interactive qualities, such as maternal sensitivity and reflective 
function, has been demonstrated (Huber, McMahon, & Sweller, 2015).   Further research 
investigating the promotion of resilience factors for mother-infant dyads exposed to elevated 
stress during pregnancy represents an exciting next step for reducing the influence of early life 
adversity on child emotional and behavioural development. 
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PART III: 
 
PREDICTORS OF INDIVIDUAL DIFFERENCES IN 
MATERNAL MIND-MINDEDNESS 
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Chapter 6: Understanding the Nature and Correlates of Maternal Mind-Mindedness 
 
Chapter Overview 
When a maternal quality is identified to reflect a potential protective influence for child 
development, the next logical step is to pursue ways to best promote this factor to maximise 
benefit for the community.  To do so requires a thorough understanding of the factors that may 
predict individual differences in this characteristic.  The current chapter will review literature 
concerning the nature of the maternal observational mind-mindedness construct, before turning 
to evidence regarding the maternal factors associated with maternal mind-mindedness.  Finally, 
avenues for future research will be discussed.   
 
The Nature of the Maternal Mind-Mindedness Construct 
Maternal mind-mindedness as a cognitive-behavioural trait.  When considering the 
nature of maternal observational mind-mindedness, a tension in the literature concerns whether 
this quality may be better conceptualised as a stable trait with cognitive and behavioural 
components (Meins, Fernyhough, Arnott, Turner, & Leekam, 2011), or a quality specific to close 
relationships (Meins et al., 2014).  Evidence to support maternal mind-mindedness as a stable 
trait includes its temporal stability (Illingworth et al., 2016; Meins et al., 2011) and lack of 
influence by child characteristics, including temperament and age (Illingworth et al., 2016; 
Meins et al., 2011), sex (Meins, Centifanti, et al., 2013) and cognitive ability (Bernier et al., 
2017; Meins et al., 2002).  Furthermore, the theorised representational underpinnings of this 
construct signal a likely association with a mother’s basic mentalising ability, that is, her 
“capacity to perceive and understand oneself and others in terms of mental states”, also referred 
to as “reflective function” (Fonagy, Target, Steele, & Steele, 1998, p. 6).  Although this may 
suggest that maternal mind-mindedness would be associated with other forms of mentalising, 
such as theory of mind (Barreto, Fearon, Osório, Meins, & Martins, 2016), no studies have 
examined the observational index of mind-mindedness in relation to general mentalising 
abilities, making it difficult to draw conclusions about its nature as a more general cognitive-
behavioural trait.   
Maternal mind-mindedness as a relational construct.  An alternative conceptualisation 
of maternal mind-mindedness is that it is indeed “trait-like”, but is specific to close relationships, 
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which would suggest that a mother’s degree of mind-mindedness would differ across 
relationships, influenced by characteristics of the specific relationship (Illingworth et al., 2016).  
Most of the evidence for this hypothesis has come from studies finding within-individual 
differences in mind-mindedness when providing written descriptions of people of varying 
relational closeness (Hill & McMahon, 2015; Meins, Fernyhough, & Harris-Waller, 2014).  Only 
one study has compared mothers’ observational mind-mindedness based on separate play 
interactions with two of her biological children, finding clear convergence in her appropriate 
mind-mindedness across siblings (Illingworth et al., 2016).  Nevertheless, it is difficult to draw 
conclusions concerning the nature of mind-mindedness from these findings.  Although it 
provides evidence of stability across relationships, supporting mind-mindedness as a cognitive-
behavioural trait, the relationships examined were similar in intimacy, being two of her 
biological children.  This study also possesses a number of methodological limitations, including 
small sample size and large age range of the children involved.  Studies comparing observational 
mind-mindedness in mothers interacting with her own child to that when interacting with an 
unfamiliar child may reflect a better test of the relationship-specific nature of this characteristic.   
Summary.  Two main hypotheses have been advanced concerning the nature of maternal 
mind-mindedness: that it reflects a (1) stable, cognitive-behavioural trait, or (2) a relational 
construct that is trait-like, but specific to close relationships.  Stability of maternal observational 
mind-mindedness across sibling relationships and lack of influence of child characteristics may 
indicate that it is stable and trait-like.  The limited existing studies addressing this question in 
relation to observational mind-mindedness do not support firm conclusions to this end.  In 
particular, further research is needed to investigate the relationship of observational mind-
mindedness and other similar cognitive-behavioural traits, such as measures of basic mentalising 
ability and related personality traits, as well as examining concordance of a mother’s 
observational mind-mindedness across different familial and non-familial interaction partners.  
Additionally, understanding of the nature of maternal observational mind-mindedness may be 
enhanced by considering its etiology and correlates.  
The Predictors and Correlates of Maternal Mind-Mindedness 
Despite wide variation in the degree of mind-mindedness in neurotypical adults (Meins et 
al., 2014), the etiology of individual differences in maternal observational mind-mindedness is 
yet to be fully understood.  Considering that maternal mind-mindedness has been associated with 
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more favourable child development across a variety of domains (Laranjo et al., 2014; Meins et 
al., 2017; Meins, Centifanti, et al., 2013; Meins et al., 2012), determining the factors that may 
enhance or hinder maternal mind-mindedness may have implications for intervention to increase 
this caregiving capacity.  The following section will review the literature concerning the 
maternal psychosocial, demographic, mental health and perinatal factors that may influence 
individual differences in maternal observational mind-mindedness. 
Mothers’ attachment orientation.  Maternal mind-mindedness has been proposed to 
play a role in the intergenerational transmission of attachment (Meins et al., 2001; C. Sharp & 
Fonagy, 2008), linking a mother’s own early attachment relationships to the quality of her 
attachment with her infant.  As proposed by Slade (2005), an individual develops the ability to 
“mind read” in the context of a parent-child relationship that provides the experience of having 
one’s own mind accurately “read”.  In turn, this supportive relational context allows the child the 
safety to practice “mind-reading” their parent.  C. Sharp and Fonagy (2008) also highlighted the 
reciprocal relationship between these conditions, noting that appropriate parental mentalising 
may serve as a mechanism by which the secure attachment relationship develops, which in turn 
promotes the child’s mentalising capacity (p. 738).  Accordingly, it follows that a mother’s 
mind-mindedness may be predicted by her own early experiences in the family-of-origin, and her 
ways of thinking and behaving in current close relationships. 
Bowlby (1988b) postulated that differences in communication and behaviour in 
relationships are informed by mostly unconscious schemas, or “working models”, that guide a 
child’s expectations of themselves and their caregivers, which are built up through repeated 
experiences with caregivers.  These representational models, or internal working models, are 
built up over repeated interactions with caregivers in early childhood and are thought to persist 
over time, shaping communication and behaviour in attachment relationships, including one’s 
eventual relationship with their own child (Bowlby, 1988b).  Mary Main and colleagues 
developed the Adult Attachment Interview (AAI; George, Kaplan, & Main, 1985) to assess a 
mother’s working models, including her experiences, thoughts and emotions with regard to 
attachment, based on her responses to questions about her early relationships and interactions 
with her own caregivers.  Additionally, the interview enables the assessment of a mother’s 
“attachment coherence”, which refers to her capacity to reflect and richly elaborate on these 
family-of-origin experiences (Main, Kaplan, & Cassidy, 1985).    
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Coding of maternal narrative strategies throughout the AAI has revealed three organised 
attachment categories  (Hesse, 2008): “secure-autonomous” individuals have a tendency to 
simultaneously value attachment relationships, but also remain objective about their relationship 
experiences; “insecure-dismissing” individuals are described as devaluing and cutting off from 
attachment relationships; and “insecure-preoccupied” individuals show a tendency to become 
preoccupied with their early attachment relationships and experiences.  Additionally, the 
“unresolved/disorganized” category describes individuals who exhibit distinct lapses in self-
monitoring or discourse when discussing early experiences of loss or abuse.  Some researchers 
also include a continuous “attachment coherence” score to reflect adult attachment orientation 
regarding own caregivers, considered by some to reflect the “core of attachment state of mind” 
(Bernier & Dozier, 2003, p. 359). 
Main et al. (1985) found a strong positive relationship between infant and mother 
attachment status, proposing that mothers of insecurely attached infants may themselves 
entertain insecure working models of attachment, which may influence their attention and 
processing of attachment-related information regarding their children.  Attachment-related 
defenses may, in turn, manifest as the lower maternal behavioural responsiveness and sensitivity 
to infant signals generally associated with insecure mother-infant attachment.  Support for this 
theory has been found in studies reporting an association between classification on the AAI and 
prenatal ratings of aversiveness and physiological response to infant communications of distress 
(Ablow, Marks, Feldman, & Huffman, 2013), as well as postnatal parenting responsiveness and 
sensitivity (Behrens, Haltigan, & Bahm, 2016; van IJzendoorn, Juffer, & Duyvesteyn, 1995). 
It is possible that maternal attachment-related biases in the processing of relational 
information may also influence a mother’s accuracy when reading and responding to her infant’s 
mental states.  However, a literature review found only one study that has examined maternal 
attachment orientation on the AAI in relation to maternal observational mind-mindedness, with 
Arnott and Meins (2007) finding no association between appropriate mind-mindedness and 
attachment orientation on the AAI in mothers, with autonomous mothers making significantly 
fewer nonattuned mind-related comments.  Interestingly, a different pattern of associations 
emerged for fathers, whereby autonomous fathers used significantly more appropriate mind-
related comments than their nonautonomous counterparts.  While the small sample size of this 
study suggests that these findings should be interpreted cautiously, these results suggest that 
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attachment representations may have a greater etiological role for the appropriate mind-
mindedness of fathers compared with mothers, consistent with the stronger relationship of 
fathers’ attachment security on the AAI and parenting responsiveness (van IJzendoorn et al., 
1995).  Nevertheless, further research investigating the relationship between maternal attachment 
classification and observational mind-mindedness using a larger sample is warranted.   
While the AAI had its origins in the developmental and psychoanalytic schools of 
psychology, researchers in the field of personality and social psychology have applied 
attachment theory to adult romantic relationships using self-report measures (Hazan & Shaver, 
1987).  Based on Bowlby’s (1988b) theory of internal working models, these relational templates 
are considered to demonstrate continuity over the lifespan due to their self-perpetuating nature, 
and may inform feelings, thoughts and behaviours in adult close relationships (Hazan & Shaver, 
1987).   Bartholomew and Horowitz (1991) developed a four-category model of adult romantic 
attachment consisting of two underlying dimensions mapping onto working models of self and 
other, which was elaborated by Griffin and Bartholomew (1994).  The model of self reflects an 
individual’s extent of self-worth, including their expectation that others will respond 
supportively to them.  This model is also referred to as “attachment anxiety” and may reflect the 
degree of dependency or abandonment concerns experienced by an individual.  In contrast, 
“attachment avoidance” reflects an individual’s model of other, such as the extent to which they 
believe others to be supportive and available, and may underlie tendencies to avoid or seek out 
closeness in relationships.   
Since Bartholomew and Horowitz (1991), much of the research into adult self-reported 
attachment has adopted the dimensional approach (Mikulincer & Shaver, 2005), with 
individuals’ level of attachment avoidance and anxiety associated with distinct patterns of 
processing social and affective information (Dewitte & De Houwer, 2008; Dykas & Cassidy, 
2011; Fraley, Niedenthal, Marks, Brumbaugh, & Vicary, 2006; Niedenthal, Brauer, Robin, & 
Innes-Ker, 2002).  Individuals higher in attachment anxiety show a “hyperactivating” strategy for 
managing distress, thought to develop early in life to engage the support of inconsistently 
responsive early caregivers, with the objective of maintaining the proximity of close relationship 
partners (Shaver & Mikulincer, 2002).  Associated with this is an information processing style 
characterised by hypervigilance for emotional and attachment-related information (Fraley et al., 
2006).  Although one study found that parents higher in attachment anxiety demonstrated greater 
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difficulty reading their child’s signals, increased interference in their child’s exploration and 
greater conflict during interaction with their child during routine caregiving (Selcuk et al., 2010), 
other research suggests that attachment anxiety is not associated with parenting sensitivity and 
responsiveness (Edelstein et al., 2004; Jones, Cassidy, & Shaver, 2015).   
Attachment theory suggests that an individual may develop attachment avoidance 
following early experiences of caregivers consistently ignoring or otherwise failing to respond to 
his or her needs for comfort (Bowlby, 1988b).  These individuals may internalise working 
models based on a low confidence in the likelihood of others meeting their emotional needs, 
adopting a deactivating strategy to manage distress without relying on the support of others 
(Bartholomew & Horowitz, 1991; Mikulincer & Shaver, 2005), including denying negative 
emotions and directing attention away from emotional stimuli (Chun, Shaver, Gillath, Mathews, 
& Jorgensen, 2015).  Avoidant parents may use deactivating strategies when interacting with 
their children (Jones et al., 2015), including lower responsiveness to child distress during an 
inoculation (Edelstein et al., 2004), lower observed sensitivity during routine caregiving 
activities at home (Selcuk et al., 2010), less positive feelings about physical affection with her 
child (Chopik et al., 2014), and reduced self-reported negative and positive emotions during 
caregiving interactions (Nelson-Coffey, Borelli, & River, 2017).  Furthermore, greater 
attachment avoidance has been associated with reduced tendency to reflect on and interpret 
others’ behaviour in terms of underlying mental states (Bourne, Berry, & Jones, 2014; Meins, 
Harris-Waller, & Lloyd, 2008).  Based on theory and previous research, it may be hypothesised 
that attachment avoidance in particular may be associated with maternal mind-mindedness; 
however, while two studies with undergraduate students found mixed results concerning the 
relationship of mind-minded written descriptions and these attachment dimensions (Meins et al., 
2008; Szpak & Białecka-Pikul, 2015), this relationship does not appear to have been examined in 
the context of maternal mind-mindedness assessed during interaction with her child.   
Summary.  Maternal mind-mindedness has been advanced as a potential mechanism by 
which attachment may be transmitted across generations; therefore, it may be hypothesised that a 
mother’s early attachment experiences would predict individual differences in this maternal 
quality.  However, while there is preliminary evidence that autonomous attachment may be 
associated with greater appropriate mind-mindedness in fathers and lower nonattuned mind-
mindedness in mothers, no studies have investigated the relationship between observational 
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mind-mindedness.  In particular, there is a lack of understanding concerning the association of 
self-reported adult attachment in current close relationships with maternal mind-mindedness.  
Considering evidence for affect-related information processing biases and altered caregiving 
behaviour, associate with attachment avoidance in particular, this may reflect a potential 
etiological factor influencing individual differences in mind-mindedness.   
Maternal Mental Health.   
Depression.  Maternal depressive symptoms is associated with less optimal maternal 
caregiving behaviour and mother-infant relationships (Feldman et al., 2009; Giallo et al., 2014; 
S. H. Goodman & Gotlib, 1999; L. Murray et al., 1996; Villodas et al., 2015).   Parents 
experiencing depression may be likely to be preoccupied with their own mental state (S. H. 
Goodman & Gotlib, 1999), experiencing increased self-focus (Sethna, Murray, & Ramchandani, 
2012) and speech that is more affectively negative and less infant-focused (Murray et al., 1993).  
These alterations may impact on a mother’s ability to attune to the mental states of her child; 
however, studies examining the relationship between maternal mind-mindedness and depression 
symptoms have been equivocal.  Whereas Pawlby et al (2010) found that mothers receiving 
inpatient treatment for depression demonstrated a trend towards lower appropriate mind-
mindedness at admission, studies of self-reported maternal depressive symptoms in community 
samples show inconsistent results.  Most studies have found no evidence of a correlation of 
maternal depressive symptoms with appropriate mind-mindedness when assessed concurrently 
within the first postnatal year (Meins, Centifanti, et al., 2013; Rosenblum, McDonough, 
Sameroff, & Muzik, 2008), with two exceptions finding significant negative correlations 
between concurrent maternal depressive symptoms and appropriate mind-mindedness at 6 
months (Lundy, 2003) and 17 months postpartum  (Camisasca, Miragoli, et al., 2017).   
In multivariate models, maternal depressive symptoms during the postnatal period was 
not a unique predictor of maternal appropriate mind-mindedness assessed at 7 months 
(Rosenblum et al., 2008) or 24 months postpartum (Jessee et al., 2016), but was significantly 
associated with lower maternal supportive behaviour in the latter study.  In the only study 
examining the relationship of maternal depressive symptoms and nonattuned mind-mindedness, 
Meins et al. (2011) found that nonattuned mind-related comments, made by mothers playing 
with their 8-month-olds showed a small, significant positive correlation with concurrent 
depressive symptoms.  Interestingly, depression demonstrated a stronger relationship with 
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maternal sensitivity.  Together, these results may suggest that symptoms of maternal depression 
are more associated with behavioural indices of maternal interactional quality, such as maternal 
sensitivity or supportive behaviour, than the more mentalistic component of parenting reflected 
by maternal mind-mindedness (Jessee et al., 2016; Meins et al., 2011).  Studies testing 
multivariable models of the prediction of observational mind-mindedness may assist to clarify 
whether this quality is indeed robust to the influence of maternal depressed mood, as the majority 
of studies suggest.    
Anxiety.  Maternal anxiety may be expected to impact on maternal mind-mindedness at 
the neurological level due to the effects of elevated arousal on mentalising and social cognition 
(Luyten & Fonagy, 2015; Todd & Simpson, 2016).  It follows that the more chronic elevations of 
arousal associated with maternal anxiety may impact on maternal mind-mindedness; however, 
only one study has examined maternal observational mind-mindedness in relation to maternal 
anxiety.  Rosenblum et al. (2008) assessed behavioural signs of mothers’ anxiety during 
interaction with their 7-month-old infants, finding that mothers displaying greater anxious 
behaviours exhibited lower use of appropriate mind-related comments when interacting with 
their infants.  Unfortunately, this study did not include nonattuned comments and did not include 
anxiety in a multivariate model predicting maternal mind-mindedness.  With no known studies 
having examined the relationship between maternal mind-mindedness and maternal anxiety 
assessed by self-report or semi-structured interview, the role of maternal anxiety in predicting 
this aspect of maternal interaction remains largely unknown.   
Posttraumatic stress disorder.  Consistent with a proposed impact of high arousal levels 
on mentalising (Luyten & Fonagy, 2015), individuals with elevated posttraumatic stress (PTS) 
symptoms and disorder have been demonstrated to exhibit alterations in mentalising ability, 
including reduced emotion recognition (Mazza et al., 2012; Poljac, Montagne, & de Haan, 2011), 
and theory of mind (Schmidt & Zachariae, 2009).  Two studies have examined maternal mind-
mindedness in the context of maternal trauma and PTS symptoms.  Camisasca, Procaccia, et al. 
(2017) assessed maternal self-reported PTS symptoms associated with childbirth in the days 
following delivery, 3 months and 17 months postpartum, and assessed maternal observational 
mind-mindedness during a home visit.  Although nonattuned mind-related comments were not 
examined, results indicated that concurrent hyperarousal symptoms were significantly negatively 
correlated with percentage of appropriate mind-related comments.  PTS symptoms at 3 months 
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postpartum did not predict maternal mind-mindedness, and concurrent avoidance and re-
experiencing symptoms were not significantly correlated.  Camisasca, Procaccia, et al. (2017) 
concluded that the symptoms of PTS-related hyperarousal, such as irritability and concentration 
difficulties, may reflect general difficulties with self-regulation that may impair a mother’s 
ability to reflect on her child’s mental states.   
Conversely, a study of adolescent mothers and their infants reported that frequency of 
appropriate mind-related comments was not correlated with lifetime trauma exposure or meeting 
criteria for posttraumatic stress disorder (PTSD; Easterbrooks et al., 2017).  However, 
multivariate analyses were not conducted on this data and relationships between mind-
mindedness and individual PTS symptom domains were not examined.  Accordingly, further 
studies are necessary to clarify the nature of the relationship between trauma exposure, PTSD 
and maternal mind-mindedness. 
Severe mental illness.  A substantial body of evidence supports the existence of 
mentalising deficits amongst individuals diagnosed with severe mental illness, such as 
schizophrenia (Emre Bora, Yucel, & Pantelis, 2009), and those experiencing a manic phase of a 
bipolar affective illness (E. Bora et al., 2016).  Hence, it is remarkable that Pawlby et al. (2010) 
found no difference in appropriate or nonattuned mind-mindedness amongst mothers admitted 
for inpatient treatment for schizophrenia or mania in comparison to non-clinical controls.  A re-
analysis of Pawlby et al.’s (2010) data by Schacht et al. (2017), grouping all diagnostic 
categories together (that is, depression, mania and schizophrenia), found significantly lower 
appropriate mind-mindedness and nonattuned mind-mindedness amongst clinical group mothers 
compared with a nonclinical comparison group.  However, in a second sample of mothers 
hospitalised for severe mental illness, there was no difference in appropriate mind-mindedness, 
but evidence of significantly greater nonattuned mind-mindedness in comparison to nonclinical 
comparison mothers (Schacht et al., 2017).  The authors suggested that these different patterns of 
mind-mindedness may have been due to changes in treatment approach in the hospital, with the 
earlier sample (Pawlby et al., 2010) more likely to have been treated with medications that may 
have resulted in reduced overall tendency to comment on infant mental states in these mothers.  
In contrast, mothers with borderline personality disorder (BPD) have been shown to make 
significantly more nonattuned mind-related comments during interaction with their infants 
compared with nonclinical controls (Marcoux, Bernier, Séguin, Boike Armerding, & 
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Lyons‐Ruth, 2016), which would be consistent with tendency to “hypermentalise”, that is, to 
mentalise excessively, but inaccurately, that may characterise this condition (Fonagy, Luyten, & 
Bateman, 2015). 
Summary.  Maternal observational mind-mindedness may be influenced by maternal 
mental health, and the nature of this association may be diagnosis- or symptom-specific.  In 
community samples, self-reported depression symptoms may be associated with more frequent 
nonattuned mind-related comments, but unrelated to appropriate mind-related comments.  
Reduced appropriate mind-mindedness among mothers reporting higher PTS-related 
hyperarousal is consistent with proposed influence of arousal on mentalising; however, no 
studies have examined the effects of maternal self-reported anxiety or anxiety diagnosis on 
maternal mind-mindedness.  Mothers hospitalised with severe postnatal mental illness have been 
shown to demonstrate reduced appropriate and nonattuned mind-mindedness, reflecting a general 
deficit in ascribing mental states to one’s infant, whereas maternal BPD has been associated with 
increased nonattuned mind-related comments specifically.  Overall, more research is necessary 
to replicate and extend on these findings using multivariate models, including measures of 
nonattuned mind-mindedness in addition to appropriate mind-mindedness, and with a focus on 
further exploring the influence of anxious arousal, as opposed to negative affect, for predicting 
individual differences in maternal mind-mindedness. 
Maternal demographic factors.  The ecological systems theory of development 
(Bronfenbrenner, 1979) suggests that parenting influences are embedded within distal layers of 
influence, including cultural and economic risk and protective factors.  With increasing risk, 
parents’ capacity to offer optimal interactional and relational experiences to their infant may 
decrease, which may. in turn, impact on child development (Wade, Hoffmann, & Jenkins, 2015).  
Some studies have considered the influence of socio-economic status for influencing maternal 
mind-mindedness, or as a potential confounding factor.  Small positive bivariate correlations 
have been found between socio-economic status (SES) calculated with the Hollingshead Index 
and appropriate mind-related comments in some samples (Centifanti et al., 2016; Meins et al., 
2011), but not others (Meins, Centifanti, et al., 2013), and the role of SES may depend on type of 
mental state comment (Jessee et al., 2016).  No significant association has been found between 
SES and nonattuned mind-related comments (Meins et al., 2011).   
Findings concerning the influence of maternal age and education on maternal mind-
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mindedness are also mixed.  While one small study found no association between maternal 
nonattuned or appropriate mind-mindedness and maternal age (Illingworth et al., 2016), some 
studies have found significantly greater appropriate mind-mindedness among older mothers 
(Demers et al., 2010; McMahon et al., 2016; Meins, Centifanti, et al., 2013).  Although maternal 
appropriate mind-mindedness is unrelated to maternal education level when examined through 
bivariate correlations in a number of studies (Arnott & Meins, 2007, 2008; Illingworth et al., 
2016), one study found a positive correlation (Meins et al., 2003).  Furthermore, maternal 
education contributed significant variance to maternal appropriate mind-related comments in a 
multivariate model including maternal depressive symptoms and reflective function (Rosenblum 
et al., 2008).  In seeking to understand the mechanisms by which demographic factors may 
predict individual differences in mind-mindedness, Camberis and colleagues (2016) 
demonstrated that maternal age and education may be indirectly associated with maternal mind-
mindedness through maternal psychosocial factors, such as increased psychological maturity 
(“hardiness”) and more internal parental locus of control.   Few studies have examined the 
relationship between nonattuned mind-related comments and maternal education, with existing 
studies reporting no significant association (Arnott & Meins, 2008; Meins et al., 2003).   
Summary.  Different indices of maternal mind-mindedness appear to have differing 
relationships with aspects of demographic factors, including SES, education and age.  Many of 
these results are bivariate in nature, and it is possible that the associations are indirect or due to 
unmeasured confounding influences, such as maternal psychological adjustment.  Future studies 
using multivariate designs are needed to investigate the relationship of demographic factors with 
maternal mind-mindedness, taking other potential and correlated psychosocial influences into 
account, to better understand the etiological influences on this maternal interaction quality. 
Prenatal factors.  It is increasingly acknowledged that “parenting begins before birth” 
(Glover & Capron, 2017).  Both from a psychoanalytic and developmental point of view, 
pregnancy is considered a period of substantial psychological reorganisation (Cranley, 1981; 
McMahon et al., 2016, p. 66; Rubin, 1976; Slade, Cohen, Sadler, & Miller, 2011), preparing a 
woman for her impending new role as a mother, and her relationship with her future child 
(Pearson, Lightman, & Evans, 2011).  Pregnancy is also associated with specific neuro-cognitive 
adaptations, including enhanced accuracy for encoding facial expressions of emotion (Pearson, 
Lightman, & Evans, 2009), attentional biases for the fearful faces of adults (Roos et al., 2012) 
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and distressed faces of infants (Pearson et al., 2011).  These changes may prime a mother for 
successful bonding with her future child, with evidence that a greater prenatal attentional bias for 
infant distressed faces is associated with more optimal self-reported mother-infant bonding 
(Pearson et al., 2011).  There may be an evolutionary advantage for the antecedents of the 
mother-infant relationship to develop during pregnancy, enabling a mother to be maximally 
responsive to her infant from birth (Pearson et al., 2012), which would have clear benefits for 
infant survival.  Consequently, and particularly if viewed as relationship-specific, it is possible 
that the precursors of maternal mind-mindedness are present during pregnancy, and may be 
impacted by experiences during this time. 
Maternal-fetal attachment.  The bonding of a mother to her unborn child may be a 
gradual process, and a mother’s tendency to consider a fetus as a future person increases 
dramatically across gestation (Lumley, 1982).  A mother’s representation of her fetus has been 
captured within the construct of maternal-fetal attachment.  Shown to demonstrate marked 
stability from pregnancy to the early postnatal period (Benoit, Parker, & Zeanah, 1997; Zeanah, 
Keener, Stewart, & Anders, 1985), quality of antenatal attachment has been found to predict later 
maternal sensitivity (Maas, de Cock, Vreeswijk, Vingerhoets, & van Bakel, 2016), mother-infant 
bonding and attachment security (Benoit et al., 1997).  Two studies examined the relationship 
between maternal-fetal attachment and observational maternal mind-mindedness, with mixed 
findings.  Arnott and Meins (2008) found that neither mothers’ nor fathers’ antenatal attachment 
scores were significantly associated with postnatal appropriate or nonattuned mind-related 
comments; however, a mother’s appropriate mind-mindedness was predicted by her propensity 
to make comments predicting her fetus’ postnatal characteristics, even if not mentalistic in 
nature.  In contrast, McMahon et al. (2016) found that higher maternal-fetal attachment predicted 
fewer nonattuned comments at 7 months and greater appropriate comments at 19 months.   
When integrating these discrepant findings, it is important to note that different measures 
were used to assess antenatal attachment in these studies.  The scale used by McMahon et al. 
(2016), the Maternal–Fetal Attachment Scale (Cranley, 1981), includes a subscale specifically 
assessing maternal tendency to attribute characteristics to her fetus, which may be more 
consistent with her representation of her unborn child.  In contrast, the Maternal and Paternal 
Antenatal Attachment Scales (Condon, 1993) used by Arnott and Meins (2008), contains items 
more reflective of the parents’ affective experience in relation to the fetus.  It is, therefore, not 
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surprising that the MFAS has been found to be more predictive of postnatal maternal mind-
mindedness, given the more representational orientation of this measure.  Nevertheless, both of 
these studies provide preliminary evidence that a mother’s postnatal mind-mindedness may have 
correlates or precursors evident during the prenatal period, such as her thoughts about, and her 
relationship with, her unborn child. 
Conception and obstetric factors.  If the mother-infant relationship has its origins during 
pregnancy, a view of maternal mind-mindedness as a relational construct may suggest that the 
development of this maternal quality may be influenced by specific conditions surrounding the 
pregnancy.  There is evidence that mothers who conceived through assisted reproductive 
technology demonstrate a more intense maternal-fetal attachment  (McMahon et al., 2011); 
however, two studies considering the influence of spontaneous versus assisted conception have 
found no association with observational mind-mindedness (Camberis et al., 2016; McMahon et 
al., 2016).  Meins et al. (2011) found no main effects of planned conception or pregnancy 
evaluation as easy or difficult on observational maternal mind-mindedness at 8 months; however, 
the “plannedness” of the pregnancy was predictive of later maternal mind-mindedness if mothers 
described their pregnancies as “easy”.  For these mothers, those who reported planned 
conceptions had higher appropriate mind-related comments than those with unplanned 
pregnancies.  Conversely, mothers who perceived a difficult pregnancy demonstrated no 
difference in mind-mindedness regardless of whether the conception had been planned, which 
the authors suggested may indicate that a difficult pregnancy may facilitate a mother’s 
representation of her future child particularly when the pregnancy was not planned.  Finally, 
Meins et al. (2011) also found that mothers who reported positive recollections of first contact 
with her infant after the birth were less likely to make nonattuned mind-related comments when 
playing with their infant 8 months later.  Overall, this study showed that conditions surrounding 
the pregnancy may be associated with later maternal mind-mindedness, although the nature of 
these relationships may be complex.   
Prenatal maternal stress.  If a woman’s experiences of pregnancy may serve to explain 
individual differences in maternal mind-mindedness (Arnott & Meins, 2008; McMahon et al., 
2016; Meins et al., 2011), it may follow that the experience of stress and distress during 
pregnancy may also have an etiological role.  Prenatal maternal stress and distress (“PNMS”) 
may impact on maternal mind-mindedness through at least two mechanisms.  Firstly, PNMS may 
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disrupt the developmental adaptations that characterise the transition to motherhood during 
pregnancy, such as the attentional bias for infant distress that may be normative for pregnant 
women (Pearson et al., 2011).  This bias was reduced in pregnant mothers reporting elevated 
depressive symptoms, who also showed a trend for faster disengagement from distressed infant 
faces (Pearson et al., 2010).  It is possible that prenatal depression may alter infant emotion 
processing either due to the additional cognitive burden of depressive rumination, or through 
active avoidance of infant distress stimuli (Pearson et al., 2010).  Secondly, albeit relatedly, 
PNMS may also impact on the mother’s developing bond with her unborn child, with maternal-
fetal attachment found to be impaired in mothers reporting higher levels of prenatal maternal 
anxiety  (Hart & McMahon, 2006) and depression (Condon & Corkindale, 1997; Goecke et al., 
2012; Rubertsson, Pallant, Sydsjö, Haines, & Hildingsson, 2015).  Considering that maternal-
fetal attachment has been found to be associated with postnatal maternal mind-mindedness 
(McMahon et al., 2016), it is possible that PNMS may impact at the representational level of the 
mother-infant relationship.  No published studies appear to have investigated the influence of a 
mother’s prenatal emotional symptoms on later maternal mind-mindedness, and addressing this 
question will require a methodology that is able to disentangle the unique effects of PNMS from 
maternal personality characteristics, such as her attachment style (Monk, Leight, & Fang, 2008).  
Summary.  With growing evidence that the precursors of the mother-infant relationship 
are present before birth, the conceptualisation of maternal mind-mindedness as a relational 
construct suggests that perinatal factors would influence the development of this maternal 
quality.  There is preliminary evidence to support this, with plannedness of pregnancy, 
evaluation of pregnancy experience, mother’s representation of her fetus and a mother’s 
recollection of her birth experience found to be associated with later maternal mind-mindedness 
when interacting with her child.  In contrast, more objective factors that are likely to be less 
influenced by maternal personality characteristics, such as obstetric complications, do not appear 
to play a role.  A potential perinatal etiological factor that has not been examined to date is a 
mother’s experience of stress during pregnancy, which may impact on maternal mind-
mindedness through an effect on maternal-fetal attachment, or by altering the normative 
cognitive and perceptual adaptations that occur during pregnancy to prime the mother for 
bonding. Future studies investigating prenatal influences on maternal mind-mindedness would 
benefit from consideration of potential residual confounds. 
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Summary of Literature Review 
With evidence of a promotive and protective effect of maternal observational mind-
mindedness for child development, a logical next step is to consider the nature and etiology of 
this caregiving construct.  While maternal mind-mindedness may reflect a stable cognitive-
behavioural trait that is specific to close relationships, further research examining the 
relationship of maternal observational mind-mindedness with other stable maternal 
characteristics, and comparing the observational mind-mindedness of mothers interacting with 
her own and unfamiliar children, will assist to clarify the nature of this quality. 
Questions also remain concerning the predictors of individual differences in maternal 
observational mind-mindedness.  Despite its theoretical basis in attachment theory, and 
particularly the intergenerational transmission of attachment, there is currently little evidence of 
an association of maternal attachment on the AAI with maternal appropriate mind-mindedness.  
While it is also possible that a mother’s self-reported attachment style in current relationships 
may influence her tendency for mind-minded interactions with her child, no studies have 
examined this.  Additionally, findings concerning an association between maternal demographic 
factors and mind-mindedness are mixed, and there is evidence that any associations may be 
explained by maternal psychosocial factors.   
Maternal mind-mindedness may also be predicted by more proximal factors, such as a 
mother’s postnatal or concurrent mental health.  The relationship between maternal mind-
mindedness and mental health appears to be stronger in clinical samples.  In community samples, 
the evidence is mixed concerning the influence of maternal depressive symptoms, and while 
there is preliminary evidence of a negative association with anxiety-related constructs, future 
studies are needed in this area.  Consistent with the idea that the mother-infant relationship 
commences before birth, the precursors of postnatal mind-mindedness may be present during 
pregnancy, such as a mother’s subjective experience of pregnancy and early representations of 
her fetus.  Nevertheless, the possibility that these findings may also be explained by stable 
maternal personality characteristics has not yet been addressed in existing studies.  Further 
research testing multivariate models is needed to disentangle the unique effects of these maternal 
factors, in order to advance understanding of this promising construct for the field of infant and 
child mental health. 
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Chapter 7: Predictors of Individual Differences in Mind-Mindedness among Mothers 
Exposed to a Natural Disaster during Pregnancy: The QF2011 Queensland Flood Study 
 
Chapter Overview  
This chapter is an empirical study investigating the predictors of maternal observational 
mind-mindedness in mothers exposed to a natural disaster during pregnancy. 
 
Abstract 
Maternal mind-mindedness refers to a mother’s tendency to view her infant as an 
independent mental agent.  Although a higher level of this quality is associated with more 
optimal child development, the predictors of individual differences in maternal mind-mindedness 
are not well understood.  The current study investigated the predictors of maternal mind-
mindedness in mothers pregnant during the Queensland floods in January 2011.  At recruitment, 
mothers completed measures of adult attachment style and flood-related objective hardship and 
posttraumatic stress (PTS) symptoms.  At 16 months postpartum, mothers completed measures 
of anxiety and depression, and maternal appropriate mind-mindedness was assessed through 
mother-infant play interaction during a laboratory visit (n =111).  Hierarchical multiple 
regression analyses indicated that mothers higher in appropriate mind-mindedness reported lower 
attachment avoidance and greater attachment anxiety.  No influence of flood-related objective 
hardship, PTS symptoms or concurrent maternal depressive symptoms or anxiety was evident.  
Results support a view of maternal mind-mindedness as a stable relational trait, which may be 
more influenced by a mother’s general orientation to close relationships than maternal stress and 
distress during pregnancy and around the time of assessment.  As the current sample was 
relatively healthy and socially-advantaged, replication in more diverse samples is necessary to 
determine generalisability.  Furthermore, as maternal attachment style was assessed on a single 
occasion, the stability of this construct in the current sample cannot be confirmed.  Overall, these 
findings have implications for intervention, in particular, the importance of universal approaches 
for enhancing mind-mindedness in non-treatment-seeking mothers in the community.   
Introduction 
The construct of maternal mind-mindedness, a mother’s tendency to treat her child as an 
independent mental agent (Meins, 1997b), was developed to reflect the representational 
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underpinnings of maternal sensitivity, potentially contributing to the intergenerational 
transmission of attachment (Meins, 1999).  Maternal mind-mindedness is operationalised as a 
mother’s tendency to comment accurately (“appropriate mind-mindedness”) or inaccurately 
(“nonattuned mind-mindedness”) on her infant’s mental states during a joint play interaction, and 
there is evidence this characteristic may reflect a stable maternal trait, given its temporal stability 
(Illingworth et al., 2016; Meins et al., 2011) and independence from a range of child 
characteristics (Bernier et al., 2017; Illingworth et al., 2016; Meins, Centifanti, et al., 2013; 
Meins et al., 2011).  Greater maternal appropriate mind-mindedness has been demonstrated to 
confer wide-ranging benefits to child development  (Bernier et al., 2017; Laranjo & Bernier, 
2013; Meins, Centifanti, et al., 2013; Meins, Fernyhough, et al., 2013); however, questions 
remain concerning the nature of appropriate mind-mindedness and the factors contributing to the 
variation in levels of this quality among mothers (McMahon & Bernier, 2017).  
There is evidence to suggest that the tendency for maternal mind-mindedness may 
originate during pregnancy (Arnott & Meins, 2008).  A mother’s appropriate mind-mindedness 
may be predicted by whether or not the pregnancy was planned and by a mother’s subjective 
experience of pregnancy (Dai, Lim, & Xu, 2017; Meins et al., 2011), along with her maternal-
fetal attachment and tendency to make predictions about her future child’s postnatal 
characteristics (Arnott & Meins, 2008; McMahon et al., 2016).  Moreover, there is evidence that 
pregnant women exhibit increased attention and accuracy for encoding emotion in facial 
expressions (Pearson et al., 2011; Pearson et al., 2009; Roos et al., 2012).  Maternal stress and 
distress during pregnancy may disrupt these prenatal cognitive adaptations (Pearson et al., 2010), 
along with the developing maternal-fetal relationship (Condon & Corkindale, 1997; Goecke et 
al., 2012), which may account for impaired caregiving found in some studies of mothers who 
have experienced elevated prenatal stress, anxiety or depression (Flykt et al., 2010; Kokubu et 
al., 2012; Rossen et al., 2016).  Not only could the precursors of appropriate mind-mindedness be 
present during pregnancy, but they may be influenced by subjective prenatal experiences. 
Nevertheless, the design of existing studies makes it difficult to determine a unique 
influence of prenatal experience on the proclivity for mind-mindedness, with unmeasured 
residual confounds potentially explaining the associations found between maternal pregnancy 
factors and a mother’s postnatal tendency to be mind-minded in relation to her child.   One 
personal characteristic that may influence the relationship between these factors is maternal 
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attachment style, and although maternal appropriate mind-mindedness has been proposed as a 
mechanism transmitting attachment security from mother to child (Meins, 1999), it appears that 
only one published study (Arnott & Meins, 2007) has directly tested the prediction of appropriate 
mind-mindedness from maternal attachment orientation in relation to her own early caregiving 
experiences, assessed using the Adult Attachment Interview (AAI) (George, Kaplan, & Main, 
1996). Whereas more autonomous mothers made fewer nonattuned mind-related comments, 
there was, surprisingly, no association between maternal attachment and use of appropriate 
comments (Arnott & Meins, 2007). 
It is, however, possible that it is a mother’s attachment orientation within current 
attachment relationships, rather than to her early caregivers, that may be the more salient 
influence on maternal appropriate mind-mindedness.  Attachment style within current 
relationships is often conceptualised as individual differences on two dimensions: “attachment 
anxiety” (or “model of self”) and “attachment avoidance” (or “model of other”) (Griffin & 
Bartholomew, 1994), where low scores on both dimensions suggest a more secure attachment 
orientation.  Higher attachment anxiety reflects greater dependency and anxiety about the 
availability of relationship partners, and is characterised by a hyperactivating strategy for 
managing distress, including hypervigilance concerning attachment figures and emotion-related 
information (Fraley et al., 2006; Shaver & Mikulincer, 2002).   Conversely, higher attachment 
avoidance is associated with greater discomfort with closeness and tendency to avoid or dismiss 
the importance of close relationships (Griffin & Bartholomew, 1994; Mikulincer & Shaver, 
2005).  Individuals high on this dimension may employ a deactivating strategy to manage 
distress, including denial and attentional biases away from attachment-related and affective 
information (Chun et al., 2015; Edelstein & Gillath, 2008; Guerrero, 1996; Tucker & Anders, 
1998), and reduced tendency to reflect on and consider others in terms of underlying mental 
states (Bourne et al., 2014; Meins et al., 2008).  Accordingly, adult attachment style may 
influence the way in which an individual attends to, perceives and processes social and affective 
information (Dykas & Cassidy, 2011; Schachner, Shaver, & Mikulincer, 2005).  Furthermore, 
parental attachment style, particularly attachment avoidance, has shown associations with a 
range of parenting behaviours (Jones et al., 2015).  For example, greater attachment avoidance is 
associated with lower maternal responsiveness to child distress (Edelstein et al., 2004) and 
during routine caregiving activities at home (Selcuk et al., 2010).  Consequently, it is possible 
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that maternal mind-mindedness is influenced by a mother’s endorsement of these attachment 
dimensions. 
Other maternal psychosocial and contextual factors may influence the proclivity of a 
mother to treat her infant as a mental agent.  While maternal appropriate mind-mindedness 
appears to be mostly unrelated to maternal mood in community samples, showing minimal 
(Lundy, 2003) or non-significant associations with self-reported depressive symptoms in most 
studies (Jessee et al., 2016; Meins, Centifanti, et al., 2013; Meins et al., 2011), significant 
concurrent associations between maternal depressive symptoms and appropriate mind-
mindedness at 17 months has been reported (Camisasca, Miragoli, et al., 2017).  Preliminary 
evidence also suggests a possible influence of anxious arousal on mind-mindedness that may be 
worth further investigation (Camisasca, Procaccia, et al., 2017; Rosenblum et al., 2008).  
Furthermore, demographic factors, such as maternal age and education, show inconsistent 
associations with maternal mind-mindedness (Arnott & Meins, 2007, 2008; Demers et al., 2010; 
Illingworth et al., 2016; McMahon et al., 2016; Meins, Centifanti, et al., 2013; Meins et al., 
2003; Rosenblum et al., 2008), which may due to the unmeasured variables, such as maternal 
personal characteristics (Camberis et al., 2016). 
The current study.  In January 2011, the state of Queensland, Australia, was impacted 
by the most severe flooding event in 30 years, resulting in three quarters of the state being 
declared a disaster zone.  Over 70 towns and 200,000 people in the state of Queensland, 
Australia, were directly affected.  While this event was devastating for those affected, it 
presented an opportunity for developmental researchers to study the unique effects of stress 
exposure during pregnancy on the wellbeing of mothers and children.  Reflecting a natural 
experiment, a natural disaster involves the quasi-random allocation of a severe, sudden-onset 
stressor to pregnant women, mostly independent of maternal background factors, thereby 
minimising the influence of gene-environment correlations and residual confounding.   
The current study utilised this opportunity to investigate the nature and etiology of 
maternal mind-mindedness, and in particular, to tease out the unique effects of an externally-
imposed stressful experience during pregnancy in relation to other relevant maternal 
characteristics and contextual factors, including her general orientation to relationships 
(attachment style), and concurrent mental health (depression and anxiety symptoms), controlling 
for demographic factors (maternal age and education).  To this end, the following hypotheses 
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were advanced:   
(1) Greater maternal appropriate mind-mindedness at 16 months postpartum would be 
predicted by higher levels of flood-related subjective distress  (posttraumatic stress symptoms, 
PTS), but not objective hardship (e.g., property damage and loss), based on previous studies 
showing an association of mind-mindedness with prenatal factors associated with a mother’s 
subjective experience of pregnancy (e.g., evaluations, maternal-fetal attachment), but not 
objective prenatal factors (e.g., obstetric complications) (Arnott & Meins, 2008; Dai et al., 2017; 
McMahon et al., 2016; Meins et al., 2011).    
(2) Greater appropriate mind-mindedness would be associated with lower maternal 
attachment avoidance, but would not be associated with attachment anxiety, consistent with 
evidence that maternal avoidance is more consistently predictive of less optimal parenting and 
reduced mental state orientation (Bourne et al., 2014; Jones et al., 2015).   
(3) Concurrent maternal depressive symptoms would be unrelated to appropriate mind-
mindedness based on previous findings (Jessee et al., 2016; Meins, Centifanti, et al., 2013; Meins 
et al., 2011), with maternal concurrent anxiety hypothesised to be associated with reduced 
appropriate mind-mindedness (Camisasca, Procaccia, et al., 2017; Rosenblum et al., 2008).   
Method 
Participants and procedure.  The present study formed part of the QF2011 Queensland 
Flood Study, which prospectively tracks the development of children in utero during the floods 
in Queensland, Australia, in January 2011 (King et al., 2015).  Women (N = 230) were recruited 
4 to 12 months after the flood through antenatal classes and maternity staff at a large tertiary 
hospital, including some women (n = 108) already involved in an unrelated randomised control 
trial of midwifery care (Midwives @ New Group practice Options, M@NGO)(Tracy et al., 
2013).  Eligibility criteria for QF2011 included: (a) pregnant with a singleton at the peak of the 
floods in January 2011; (b) fluency in English; and (c) aged over 18 years.  Mothers provided 
written informed consent, with ethical approval obtained from University of Queensland School 
of Psychology and Mater Human Research Ethics Committee (Ref: 1844M). 
Eligible mothers completed questionnaires regarding their objective hardship and 
subjective reactions to the flood at recruitment into the QF2011 study and/or 12-months post-
flood.  Maternal attachment style was assessed at recruitment into M@NGO or QF2011 
depending on the mother’s pathway of recruitment.  At 16 months postpartum, mothers and 
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infants were invited to attend a laboratory visit, which included a mother-infant play interaction, 
and completed online or postal questionnaires regarding their own psychosocial functioning.  
The current study includes mothers with complete data across all assessment points (n=111).   
Mothers participating in the current study were mostly Caucasian (99.1%), married or in de facto 
relationships (88.9%), and primiparous with the study child (54.3%).   
Measures 
Maternal demographics.  At recruitment, mothers reported on age, income, and years of 
education. 
Maternal attachment style.   Mothers completed the Relationship Questionnaire (RQ; 
Bartholomew & Horowitz, 1991) at recruitment into the QF2011 study (n = 53), or at an 
antenatal appointment (< 36 weeks gestation) for mothers recruited through M@NGO (n = 58).  
A total of 70 women (63%) completed this measure during pregnancy, with the remainder 
completed postnatally.  The RQ is a widely used measure of adult attachment, including a 
categorical item requiring respondents to indicate which of four descriptions of relationship 
styles (secure, preoccupied, dismissing or fearful) best describes the way they generally are in 
close relationships, as well as four Likert-type items inviting respondents to indicate the degree 
to which they endorse each relationship style from 1 (not at all like me) to 7 (very much like me).  
Responses on these four items were used to calculate attachment anxiety and attachment 
avoidance scores following the approach used by Meins et al. (2008), adapted from Griffin and 
Bartholomew (1994).  Attachment anxiety was calculated by finding the sum of fearful and 
preoccupied (high anxiety) minus secure and dismissing (low anxiety), with high scores 
indicating higher attachment anxiety.  Attachment avoidance was calculated by summing fearful 
and dismissing ratings (high avoidance) and subtracting the sum of secure and preoccupied 
scores (low avoidance), with high scores indicating higher avoidance.  These dimensions have 
possible scores between -14 and +14, with adequate reliability and validity (Both & Best, 2017; 
Griffin & Bartholomew, 1994), and continuous scores on the four attachment styles show 
moderate stability (Scharfe & Bartholomew, 1994).   
Prenatal maternal stress.  At recruitment, objective hardship from the floods was 
estimated using the Queensland Flood Objective Stress Scale (QFOSS; King et al., 2015), a 
survey based on the approach used in previous disaster research (Brock et al., 2015; Yong Ping 
et al., 2015)  and modified for the Queensland floods to maximize sensitivity.  QFOSS assessed 
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four dimensions of flood-related hardship:  (a) Threat (e.g., “Did you think you were going to die 
at any time during the flooding?”), (b) Loss (e.g., “Was there a loss of precious items and/or 
heirlooms because of the flooding?”), (c) Scope (e.g., “Were you unable to get to your home?”), 
and (d) Change (e.g., “Did you house people in your home during the flooding?”).  Each 
dimension was scored between 0 (no impact) and 50 (extreme impact), and were summed to find 
a total QFOSS score.  Higher scores indicated greater flood exposure (maximum 200 points). 
At recruitment, flood-related subjective reactions were operationalised as posttraumatic 
stress (PTS) symptoms, assessed using the 22-item Impact of Event Scale-Revised (IES-R; 
Weiss & Marmar, 1997).  The current study utilised a total PTS score, reflecting total distress 
due to flood-related intrusion, avoidance and hyperarousal symptoms.  The IES-R has 
demonstrated sound psychometric properties, with a cut-off score of 33 proposed to indicate 
clinically significant PTS symptoms (Creamer et al., 2003).  Overall, 31 mothers completed 
flood measures prenatally (27.9%) with 80 postnatal completions (72.1%). 
Maternal depression and anxiety symptoms.  At 16 months postpartum, mothers 
completed the short-form Depression Anxiety and Stress Scales (DASS-21; Lovibond & 
Lovibond, 1995).  Mothers were invited to endorse the degree to which they experienced 
depression, anxiety and stress symptoms using a four-point scale, yielding three corresponding 
subscales.  Only the depression and anxiety subscales were included due to multicollinearity, 
limited sample size and the specific aims of the study.  
Maternal mind-mindedness.  Maternal speech during the 10-minute play interaction at 
16 months was transcribed verbatim and coded according to the Mind-Mindedness Coding 
Manual Version 2.1 (Meins & Fernyhough, 2012).  First, the total number of comments made by 
mothers was calculated (“maternal verbosity”), then each maternal comment was coded as mind-
related if it referred to her child’s “desires and preferences”, “cognitions”, “ emotions”, 
“epistemic states”, or involved “talking on the infant’s behalf” (Meins & Fernyhough, 2012, p. 
5).  Appropriate mind-related comments met one of three criteria: (a) “the researcher agrees with 
the caregiver’s reading of the infant’s current internal state”, (b) “the comment links current 
activity with similar events in the past or future”, (c) “the comment serves to clarify how to 
proceed after a lull in the interaction” (Meins & Fernyhough, 2012, p. 9).   Nonattuned mind-
related comments were those that did not appear to correspond to the infant’s observed emotional 
state and behaviour.    
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A random sample of videos (29%) were coded by a second researcher who was blind to 
study hypotheses to determine reliability of coding mind-related comments as appropriate or 
nonattuned.  Due to a very low rate of nonattuned comments, the “prevalence adjusted bias 
adjusted kappa” (PABAK) was calculated (Byrt et al., 1993), with an observed inter-rater 
agreement of .74, reflecting substantial agreement.  In accordance with Cicchetti and Feinstein 
(1990), proportions of specific agreement for appropriate and nonattuned comments were 
calculated.  This produced a proportion of positive agreement of .95, indicating high sensitivity 
for detecting appropriate mind-related comments, with a proportion of negative agreement of 
.48, suggesting a low specificity for coding mind-related comments as nonattuned.  Differences 
were resolved by discussion for 86.5% of the coding disagreements.  Where an agreement was 
not reached (13.5%), a third party was involved (author GS).   Only appropriate mind-related 
comments were used in analyses due to the frequency and reliability of nonattuned comments in 
the current study.   Proportion scores, calculating appropriate mind-mindedness as a percentage 
of total maternal comments, were derived for descriptive and comparative purposes; however, 
frequency scores were used for analyses, controlling for maternal verbosity.   
Statistical analysis.  SPSS version 22.0 was used for all analyses.  First, recruitment and 
12-month post-flood scores were aggregated for the flood-related variables (refer King et al., 
2015).  Variables were inspected for normality and univariate outliers.  Positive skewness on 
appropriate mind-related comments was corrected using square-root transformation, and using 
log-transformation for the QFOSS, IES-R, attachment anxiety, and DASS depression and anxiety 
scores (Field, 2013; Tabachnick & Fidell, 2013).  Attrition analyses were performed, comparing 
cases with and without complete data across assessment time-points.  Bivariate relationships 
were inspected for curvilinearity, and all regression models were examined to check assumptions 
and generalisability of models.  As the skewness of the IES-R was not completely corrected by 
transformation, and transformation of attachment avoidance did not improve the distribution, 
bivariate correlations were conducted using Spearman’s Rho. 
Hierarchical multiple regression analyses were conducted using SPSS 22.0 to test the 
unique and relative influence of maternal attachment, flood-related stress, and concurrent 
maternal mental health for predicting variance in appropriate mind-related comments at 16 
months postpartum, controlling for maternal demographic factors.  Maternal verbosity was 
entered at the first step, followed by maternal demographics (age and education).  At step three, 
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attachment anxiety and avoidance were entered, then prenatal flood-related predictors (objective 
hardship and PTS symptoms) at the fourth step.  Finally, concurrent maternal depressive 
symptoms and anxiety symptoms were entered at the fifth step.  Due to the large number of 
predictors and restricted sample size, all predictors forced into the equation that were non-
significant (p > .1) in the final model were progressively trimmed and analyses re-run.  The alpha 
level for the significance of main effects was set to p < .05. 
Results 
Participant characteristics.  Descriptive data (Table 7.1) show a wide range of 
appropriate mind-related comments and flood stress scores in the current sample.  Most mothers 
reported symptoms in the normal range for flood-related PTS (96.4%), concurrent depression 
(84.7%) and anxiety (85.6%). 
Attrition analyses.  Attrition analyses conducted to compare all participants with (n = 
111) and without (n = 119) complete data found no differences in appropriate mind-mindedness 
or predictor variables, with the exception of maternal education, with mothers with complete 
data on all variables reporting more years of schooling than mothers without complete data (M = 
15.66 versus M = 14.03, t(216.60) = -4.834, p < .001). 
Preliminary analyses.  Bivariate correlations using Spearman’s Rho (Table 7.2) 
indicated that appropriate mind-mindedness was significantly correlated with maternal verbosity 
(rs= .371, p <.01) and attachment anxiety (rs = .215, p = .023) and showed a trend-level negative 
correlation with attachment avoidance (rs = -.166, p = .081), suggesting mothers higher in 
appropriate mind-mindedness made more utterances to their infants overall, and reported higher 
attachment anxiety and lower attachment avoidance.  No significant bivariate correlations were 
evident for appropriate mind-mindedness and flood stress variables, concurrent maternal mental 
health, or maternal demographics. 
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Table 7.1 
Descriptive Statistics  
 
 Mean SD Median Minimum Maximum 
Maternal speech      
Appropriate mind-mindedness (frequency) 8.20 5.36 7.00 0 24 
Appropriate mind-mindedness (%) 5.07 3.09  0 13.79 
Total classifiable comments 160.05 43.81 164.00 38 275 
Maternal Attachment Style      
Attachment anxiety -3.05 3.59 -3.00 -9 9 
Attachment avoidance -.81 3.89 -1.00 -11 11 
Flood-related stress variables      
Objective hardship 20.89 17.32 15.00 3 81 
Posttraumatic stress symptoms 6.28 10.88 1.00 0 66 
Maternal mental health      
Concurrent depressive symptoms 4.52 5.67 2.00 0 22 
Concurrent anxiety symptoms 3.08 4.05 2.00 0 18 
Maternal Demographics      
Maternal education 15.66 2.74 16.00 10 19 
Maternal age at infant birth 31.57 4.87 31.44 20.40 47.33 
Infant Variables      
Age at assessment (months) 16.42 0.52 16.33 14.78 18.10 
Sex (boys) n = 65 
 
(58.6%)   
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Table 7.2 
 
Correlations among Maternal Mind-mindedness, Attachment Style, Flood Stress, Mental Health and Demographics 
 
  1 2 3 4 5 6 7 8 9 10 
1. Appropriate mind-mindedness - .371** .215* -.166^ .038 -.082 -.029 .017 .050 .043 
2. Maternal verbosity .371** - .244* -.031 .014 -.083 -.119 -.084 .145 .032 
3. Attachment anxiety .215* .244* - .181 .117 .060 .135 .176^ -.113 -.122 
4. Attachment avoidance -.166 -.031 .181^ - .031 .057 .240* .392** .126 -.002 
5. Objective hardship .038 .014 .117 .031 - .564** .133 .092 .058 .102 
6. Posttraumatic stress symptoms -.082 -.083 .060 .057 .564** - .072 .186^ .104 -.076 
7. Concurrent depressive symptoms -.029 -.119 .135 .240* .133 .072 - .525** .112 .093 
8. Concurrent anxiety symptoms .017 -.084 .176^ .392** .092 .186^ .525** - .055 -.039 
9. Maternal age at birth .050 .145 -.113 .126 .058 .104 .112 .055 - .211* 
10. Maternal education .043 .032 -.122 -.002 .102 -.076 .093 -.039 .211* - 
Note.  Appropriate mind-mindedness = frequency of appropriate mind-related comments. 
 p < .01,  * p < .05, ^ p < .1. 
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Main analyses.  Hierarchical multiple regression analyses (Table 7.3) found that greater 
maternal verbosity significantly predicted more frequent appropriate mind-related comments, 
accounting for 15% of the variance in scores when entered at the first step (p < .001).   Adding 
maternal demographics (age and education) at the second step found no significant improvement 
in the model, with neither variable explaining additional unique variance in appropriate mind-
mindedness scores.  At step three, attachment anxiety and avoidance were entered, contributing a 
further 3.4% to the variance explained in appropriate mind-mindedness, with greater attachment 
anxiety and lower attachment avoidance significantly associated with more frequent appropriate 
mind-related comments.  At the fourth step, the prenatal flood-related predictors (objective 
hardship and PTS symptoms) did not contribute significantly to prediction by the model, nor did 
the addition of concurrent maternal depressive symptoms and anxiety symptoms at the fifth step.  
The full model provided a significant fit for the data, and accounted for 23.6% of variance in 
appropriate mind-related comments (F (9, 101 =3.466, p =.001).  After progressively trimming 
non-significant predictors, the resulting model (Table 7.4) explained 21.4% of variance in 
appropriate mind-mindedness (F (3, 107 =9.249, p <.001), with greater appropriate mind-related 
comments significantly associated with higher attachment anxiety and lower attachment 
avoidance, together explaining 6% of variance, after controlling for maternal verbosity.  The 
final model was re-run controlling for prenatal versus postnatal completion of the RQ, which did 
not alter the pattern of results.  
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Table 7.3 
 
Hierarchical Multiple Regression Analysis for Predicting Maternal Appropriate Mind-
mindedness 
 
Note.   Maternal age = maternal age at birth. 
** p < .01, *p < .05, ^ p < .1 
 
Model B SE β 95.0% CI for B p R2 ∆R2 
1. Maternal verbosity .008 .002 .387 [0.004, 0.011] .000 .15** .15** 
2. Maternal verbosity .008 .002 .399 [0.004, 0.012] .000 .16** .01 
 Maternal age  -.016 .017 -.086 [-0.048, 0.017] .348   
 Maternal education .011 .029 .035 [-0.046, 0.069] .701   
3. Maternal verbosity .007 .002 .344 [0.003, 0.011] .000 .21** .05* 
 Maternal age  -.007 .017 -.039 [-0.040, 0.026] .665   
 Maternal education .017 .029 .054 [-0.039, 0.074] .543   
 Attachment anxiety 1.352 .636 .198 [0.090, 2.614] .036   
 Attachment avoidance -.041 .020 -.181 [-0.082, -0.001] .047   
4. Maternal verbosity .007 .002 .335 [0.003, 0.010] .000 .22** .01 
 Maternal age  -.005 .017 -.029 [-0.038, 0.028] .757   
 Maternal education .012 .029 .037 [-0.046, 0.070] .684   
 Attachment anxiety 1.327 .641 .195 [0.055, 2.599] .041   
 Attachment avoidance -.042 .021 -.183 [-0.082, -0.001] .046   
 Objective hardship .115 .131 .097 [-0.144, 0.375] .380   
 Posttraumatic stress symptoms -.084 .083 -.113 [-0.248, 0.080] .310   
5. Maternal verbosity .007 .002 .348 [0.003, 0.011] .000 .24** .02 
 Maternal age  -.005 .017 -.026 [-0.038, 0.029] .777   
 Maternal education .013 .029 .039 [-0.045, 0.071] .666   
 Attachment anxiety 1.207 .649 .177 [-0.080, 2.493] .066   
 Attachment avoidance -.053 .022 -.231 [-0.096, -0.009] .017   
 Objective hardship .131 .132 .111 [-0.131, 0.394] .322   
 Posttraumatic stress symptoms -.111 .085 -.149 [-0.280, 0.057] .193   
 Concurrent depressive symptoms -.033 .201 -.018 [-0.433, 0.366] .868   
 Concurrent anxiety symptoms .346 .249 .156 [-0.147, 0.839] .167   
126 
 
 
Table 7.4 
 
Hierarchical Multiple Regression Analysis for Predicting Maternal Appropriate  
Mind-mindedness, Trimmed of Non-significant Predictors  
 
Model B SE β 95.0% CI for B p R2 ∆R2 
1. Maternal verbosity .008 .002 .387 [0.004, 0.011] .000 .15** .15** 
2. Maternal verbosity .007 .002 .340 [0.003, 0.010] .000 .21** .06* 
 Attachment anxiety 
1.342 .620 .197 [0.113, 2.570] .033   
 Attachment avoidance 
-.042 .020 -.186 [-0.082, -0.003] .037   
** p < .01, *p < .05, ^ p < .1 
 
Discussion 
In mothers exposed to a natural disaster during pregnancy, it was a mother’s personal 
characteristics, rather than her more proximal prenatal and concurrent emotional experiences, 
that best accounted for individual differences in maternal appropriate mind-mindedness at 16 
months postpartum.  Specifically, mothers greater in attachment avoidance made fewer accurate 
comments on their infants’ mental states during a play interaction.  As there was no association 
of attachment avoidance with overall maternal verbosity, this indicates that mothers higher in 
avoidance may exhibit a difference in quality, rather than quantity, of infant-directed utterances, 
demonstrating less of a mental state focus than their less avoidant counterparts.  This pattern of 
associations is consistent with the deactivating strategy associated with this attachment 
dimension (Mikulincer & Shaver, 2012), and may be underpinned by emotionally-avoidant 
processing biases (Chun et al., 2015; Edelstein & Gillath, 2008; Guerrero, 1996; Tucker & 
Anders, 1998) and reduced mental state focus (Bourne et al., 2014; Meins et al., 2008).   
Contrary to hypothesis, maternal attachment anxiety was positively correlated with 
appropriate mind-mindedness, and was a significant predictor in the final model.  Together with 
a positive correlation with maternal verbosity, these findings suggest that mothers reporting 
greater anxiety in relationships made more frequent attuned comments about their infants’ 
mental states, as well as being generally more talkative with their child during the play 
interaction.  Although unexpected, this finding may be consistent with a hyperactivating strategy, 
including increased vigilance for attachment and affective information (Fraley et al., 2006).  This 
strategy may also include an increased focus on one’s own distress, which may derail 
functioning in the relationships of more anxiously-attached individuals (Shaver & Mikulincer, 
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2002); however, at milder levels, such as among the mothers of this study, attachment anxiety 
may serve to enhance a mother’s awareness and attention to her infant’s mental states.   
Given evidence that attachment anxiety and avoidance constructs are generally stable 
during early parenthood (Stern et al., 2018), the finding of a significant association of 
appropriate mind-mindedness with these measures may suggest that this caregiving construct 
may also reflect a relatively stable maternal trait.  Furthermore, when considered alongside the 
previous findings of a lack of association between appropriate mind-mindedness and maternal 
autonomous attachment in relation to one’s own caregivers (Arnott & Meins, 2007), these 
findings may suggest that a mother’s self-evaluation of her approach to contemporaneous 
relationships is a more important predictor of her appropriate mind-mindedness with her infant 
than her orientation in relation to her early caregiving experiences.  Nevertheless, as adult 
attachment is thought to arise from early experiences with caregivers (Hazan & Shaver, 1987), 
albeit elaborated by later relationship experiences (Beijersbergen, Juffer, Bakermans-
Kranenburg, & Van Ijzendoorn, 2012), these results are not entirely inconsistent with the 
involvement of maternal mind-mindedness in the intergenerational transmission of attachment 
security.  Future studies incorporating both a mother’s representations concerning early 
attachment experiences, together with her self-reported adult attachment style, will enable the 
contribution of these different conceptualisations of maternal attachment to be clarified. 
A novel aspect of the current study was the use of a natural disaster design, enabling both 
the objective and subjective aspects of a stressful life event during pregnancy to be disentangled 
from other maternal influences.  Findings indicate that neither flood-related objective hardship, 
nor PTS symptoms, was associated with variability in maternal mind-mindedness, which has 
implications both for the etiology of mind-mindedness, and the mechanisms by which stress 
during pregnancy may influence child outcomes.  Firstly, a view of maternal mind-mindedness 
as specific to a particular mother-child relationship suggests that this quality may originate 
during the prenatal period and be influenced by experiences during pregnancy (Arnott & Meins, 
2008; Dai et al., 2017; McMahon et al., 2016; Meins et al., 2011).  Current findings suggest that, 
while maternal mind-mindedness may indeed have precursors in the mother’s willingness to 
represent her fetus as a child with a future (Arnott & Meins, 2008; McMahon et al., 2016), it may 
be her own attachment style (Madigan, Hawkins, Plamondon, Moran, & Benoit, 2015), rather 
than conditions surrounding her pregnancy, that may exert the strongest influence on her 
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propensity to consider her fetus as a future infant with a mind.   
With regard to pathways linking prenatal maternal stress to child development, these 
findings suggest that any effects of exposure to a natural disaster during pregnancy on child 
outcomes may not necessarily be explained by changes in maternal caregiving behaviour, with 
neither flood stress variables associated with maternal mind-mindedness.  Although this 
challenges some previous findings with rodents (Champagne & Meaney, 2006; Del Cerro et al., 
2010; Smith et al., 2004) and humans (Flykt et al., 2010; Kokubu et al., 2012; Rossen et al., 
2016), these results are congruent with previous research finding a lack of association between 
maternal hardship or distress during pregnancy and postnatal maternal caregiving (Endendijk et 
al., 2017; Parfitt et al., 2013), including another study of QF2011 mothers (Austin et al., 2017).   
The current results support studies finding a lack of association between appropriate 
mind-mindedness and concurrent self-reported depressive symptoms (Jessee et al., 2016; Meins, 
Centifanti, et al., 2013; Meins et al., 2011; Rosenblum et al., 2008).  Given that greater maternal 
depressive symptoms has been associated with less optimal caregiving behaviour previously 
(Dix & Yan, 2013; Feldman et al., 2009; Giallo et al., 2014; Muzik et al., 2017; Villodas et al., 
2015), it is possible that the influence of maternal mood on caregiving behaviour may be 
domain-specific.  For example, depressed mood may have a greater influence on more 
behavioural aspects of caregiving, in comparison with the mentalistic focus of maternal mind-
mindedness, a proposition supported by previous studies (Jessee et al., 2016; Meins et al., 2011).  
It is possible that the more mentalistic nature of maternal mind-mindedness may be more 
resistant to the influence of maternal depressive symptoms in community samples.   
The current study found no evidence that greater maternal concurrent anxiety symptoms 
were associated with a mother’s tendency to “tune in” to her child during a play interaction.  This 
is consistent with the limited, equivocal findings in the broader caregiving literature, where 
greater maternal anxiety has been associated with reduced maternal sensitivity in some (Nicol-
Harper, Harvey, & Stein, 2007) but not all studies (Kaitz et al., 2010; Lynne Murray, Cooper, 
Creswell, Schofield, & Sack, 2007).  Nevertheless,  these results contrast with evidence of an 
association of appropriate mind-mindedness with birth-trauma-related hyperarousal symptoms 
(Camisasca, Procaccia, et al., 2017), and observed anxious behaviours during a laboratory visit 
(Rosenblum et al., 2008), and may suggest that the relationship between anxiety-related 
constructs and mind-mindedness is specific to the type of anxiety and method of measurement.   
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Although the current study was focused on the unique main effects of a range of potential 
predictors of maternal mind-mindedness, the interaction between maternal attachment style, 
concurrent mood and mind-mindedness is also of theoretical interest.   For example, Luyten and 
Fonagy (2015) proposed that individuals with a hyperactivating strategy, such as those higher in 
attachment anxiety, may demonstrate difficulties with accurately understanding others’ mental 
states particularly under conditions of heightened arousal.  Future studies investigating the 
association of mind-mindedness with attachment style under conditions of both low and high 
negative arousal would be informative to elucidate the contexts within which these predictors 
may have their greatest impact.   
Limitations.  As the current sample was relatively healthy, well-advantaged and 
homogenous, replication in more diverse and clinical samples will be important for determining 
the generalisability of findings.  This is particularly pertinent in light of the difficulty obtaining a 
reliable measure of nonattuned mind-mindedness in this sample.  Given that maternal mind-
mindedness is a multidimensional construct, with both appropriate and nonattuned mind-
mindedness influencing child development in different ways (Meins et al., 2012), understanding 
the nature and predictors of both dimensions has important implications for theory and practice.  
Additionally, while most mothers completed the RQ prenatally, it is important to consider that 
attachment style may be influenced by the transition to parenthood for some mothers, 
particularly in the presence of certain relationship difficulties (Simpson, Steven Rholes, 
Campbell, & Wilson, 2003) and maternal psychological distress (Stern et al., 2018).  
Nevertheless, there was no evidence that prenatal versus postnatal timing of completion of the 
attachment measure impacted on the results of the final model; therefore, it may be assumed that 
the adult attachment constructs assessed here reflected a relatively stable maternal characteristic 
in the current sample. 
Conclusions and implications.  The current study extends on current understanding of 
the etiology of individual differences in maternal appropriate mind-mindedness by using a 
natural experiment design to test a multivariate model of potential maternal predictors in a cohort 
of mothers affected by a natural disaster during pregnancy.  The findings show that this 
caregiving quality is better predicted by a mother’s attachment style than her objective hardship 
or PTS symptoms arising from exposure to a severe flood during pregnancy, her concurrent 
symptoms of depression and anxiety, controlling for her age and education.  Considering that 
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maternal mind-mindedness is associated with more positive child development across a range of 
domains (Bernier et al., 2017; Laranjo & Bernier, 2013; Meins, Centifanti, et al., 2013; Meins, 
Fernyhough, et al., 2013) and may be modifiable (Schacht et al., 2017), these results have 
implications for how this maternal quality may be promoted to enhance child developmental 
trajectories.  In particular, mothers who are higher in attachment avoidance, who are not 
necessarily showing signs of emotional distress, may benefit from education and support to 
enhance their propensity to attune to their child.  These mothers may be less likely to seek 
support from health professionals (Shaffer, Vogel, & Wei, 2006), indicating a role for universal 
approaches.  Future research priority should be given to developing interventions to enhance 
maternal mind-mindedness that may be delivered by general practitioners, midwives and child 
health nurses in the course of their interactions with mothers over the transition to parenthood. 
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Chapter 8: General Discussion 
 
Chapter Overview 
In this final chapter of the thesis, the objectives and main findings will be reviewed, and 
study limitations will be considered.  Following this, directions for future research will be 
presented before the clinical implications of the findings are discussed.  
 
Thesis Objectives 
The present thesis set out to investigate a model of the risk and protective processes 
influencing the behaviour of young children whose mothers experienced a natural disaster during 
pregnancy. As an independent and externally-imposed stressful event, this design allowed a 
range of prenatal, postnatal and caregiving influences to be investigated for their unique and 
combined influence on child behaviour, engendering greater confidence in the causality of any 
associations observed by minimising the influence of alternative explanations, including shared 
genetic vulnerability and  residual confounding (O'Connor, 2003).  These results extend on a 
range of existing literatures, including fetal programming, maternal mental health, maternal 
mind-mindedness, and the intergenerational transmission of vulnerability and resilience.  
Furthermore, this study contributes to current understanding of the ways in which a natural 
disaster may impact on the functioning of mothers, children and families, highlighting clear 
implications for intervention with mothers and children who have been exposed to a natural 
disaster during pregnancy. This thesis makes these contributions through the following specific 
objectives: 
Part I: Prenatal maternal stress and child behavioural outcomes.  This thesis 
commenced with a focus on the unique prenatal effects of exposure to a natural disaster during 
pregnancy.  Chapter 1 reviewed evidence for a role of prenatal maternal stress and distress 
(“PNMS”) in the etiology of early childhood behavioural problems, potential moderators of these 
associations, and the challenges inherent to this area of enquiry.  A natural disaster was proposed 
as a research design that may enable some of these issues to be addressed. Chapter 2 sought to 
determine whether maternal objective hardship and subjective distress arising from prenatal 
exposure to a flood may be associated with infant social-emotional and behavioural problems 
and competence at 16 months, and if these are evident beyond the influence of concurrent 
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maternal depressive symptoms and other relevant infant and maternal influences.  Additionally, 
the moderation of flood-related PNMS by infant sex and timing of exposure during gestation was 
investigated.  
Part II: Postnatal and concurrent predictors of child behavioural outcomes.  Part II 
shifted focus to the postnatal environment for its role in the prediction of the behaviour of 
children exposed to a natural disaster in utero, commencing with a literature review in Chapter 3 
presenting theory and evidence concerning programming by aspects of the postnatal 
environment, focusing on two factors in particular, maternal depressive symptoms and 
caregiving.  Evidence for the potential for these postnatal factors to mediate or moderate the 
association of PNMS with child outcomes was discussed.  In Chapter 4, the maternal caregiving 
construct, maternal mind-mindedness, was introduced, along with evidence for its promotive and 
protective influences on a range of child developmental outcomes.  Following this, Chapter 5 
comprised an empirical study of the multiple pathways that may explain the association of 
prenatal flood exposure with child behaviour at 30 months, and the potential buffering influence 
of maternal mind-mindedness on child outcomes.   
Part III: Predictors of individual differences in maternal mind-mindedness.  The 
final part of the thesis sought to understand the nature and predictors of individual differences in 
maternal mind-mindedness. After a review of the literature concerning the correlates of this 
maternal caregiving construct in Chapter 6, Chapter 7 investigated the relative influences of 
flood-related PNMS, concurrent maternal mental health, and maternal self-reported attachment 
style for predicting individual differences in this construct in mothers prenatally exposed to a 
natural disaster.   
Key Findings 
A prenatal process linked exposure to a natural disaster during pregnancy to child 
outcomes.  As hypothesised, flood-related PNMS was uniquely associated with less optimal 
functioning in infants and young children at 16 and 30 months, with the nature of these 
associations determined by both the child outcome domain of interest and the specific 
component of the stress experience.  The results presented in Chapter 2 suggest that prenatal 
exposure to a natural disaster is associated with delayed acquisition of social-emotional 
competence at 16 months, beyond the influence of relevant covariates, including concurrent 
maternal depressive symptoms.  These results are consistent with previous studies of the negative 
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association of stress and distress during pregnancy with emerging social functioning in young 
children (Koutra, 2013; Simcock, Kildea, et al., 2017) and may reflect a fetal programming 
mechanism for the transmission of risk from mother to infant due to the impact of maternal 
stress-related physiology on fetal neurodevelopment (Charil et al., 2010).  Considered from a 
different perspective, mothers in the current study who reported lower flood-related PTS 
symptoms, controlling for objective hardship, may have possessed greater resilience and social-
emotional competence themselves, which may have contributed to greater toddler competence 
through fetal programming or genetic heritability (Eid et al., 2003; Phua et al., 2017).   
There was a trend for externalising problems to be predicted by greater objective 
hardship; however, no effects of PTS symptoms or concurrent depressive symptoms were found, 
suggesting that mechanisms other than maternal prenatal or postnatal psychological distress may 
be at work.  As highlighted by M. A. McLean et al. (2018), unique effects of objective hardship 
may be due to changes in the behaviour of more severely impacted pregnant women, including 
disruptions to diet and multivitamin intake (Dancause et al., 2016).  Furthermore, even in the 
absence of psychological distress, objective hardship from a natural disaster during pregnancy 
has been associated with epigenetic changes in children (Cao-Lei et al., 2014).  While these 
results may suggest that objective aspects of PNMS may have a specific impact on fetal 
neurodevelopment mediated by factors other than maternal subjective stress, replication is 
necessary to determine the generalisability of this trend association in the current study.   
Prenatal maternal stress from exposure to a natural disaster during pregnancy may 
contribute to sex differences in early childhood behaviour.  There are established sex-based 
differences in the prevalence of certain behavioural problems (Kessler et al., 2005; Lawrence et 
al., 2015; C. P. McLean et al., 2011), which may be contributed to by exposure to prenatal 
adversity (Glover & Hill, 2012; Schore, 2017).  In Chapter 2, a significant sex difference in the 
behavioural problems of boys and girls at 16 months emerged only at higher levels of flood-
related objective hardship.  Although the level of behavioural problems of both boys and girls 
was not significantly predicted by PNMS exposure, boys demonstrated significantly greater 
problems than girls only at higher levels of objective hardship.  The current findings may be 
most consistent with the propositions of Bale (2009), who hypothesised a specific influence of 
PNMS on the behaviour of boys, possibly due to associated alterations in fetal testosterone 
exposure.  Although these results should not be misinterpreted as indicating that flood-related 
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PNMS had a significant effect on behaviour for boys in this study, these findings extend on the 
currently limited understanding of the sexually dimorphic effects of PNMS exposure during 
early childhood, as well as the origins of sex differences in vulnerability for childhood 
behavioural problems. 
A postnatal pathway linked exposure to a natural disaster during pregnancy with 
increased toddler internalising problems.  The effects of a natural disaster during pregnancy on 
maternal wellbeing can persist for some mothers, and the ongoing emotional impact of such an 
exposure may influence the postnatal rearing environment in ways that shape child 
developmental trajectories.  Evidence for a possible indirect effect of prenatal flood exposure 
was initially found in Chapter 2, where the effect of flood-related PTS on behavioural problems 
in boys was attenuated after adjusting for concurrent maternal depressive symptoms.  This 
informed the mediational model tested in Chapter 5, predicting 30 month behavioural problems 
through a postnatal pathway.  Specifically, greater maternal objective hardship from the 
Queensland floods (e.g. property damage or loss) was associated with increased toddler 
internalising behaviour at 30 months through increased maternal flood-related PTS symptoms 
and, in turn, greater concurrent maternal depressive symptoms.  This indirect risk pathway is 
consistent with some previous studies finding a mediation of PNMS effects on child outcomes 
through the postnatal environment (Edwards & Hans, 2016; Lahti et al., 2017; Tees et al., 2010), 
and while this has important clinical implications to be addressed later in this chapter, this 
mechanism was not evident for all mothers, as the next point highlights. 
Maternal mind-mindedness buffered the ongoing effects of a natural disaster during 
pregnancy on child behaviour.  The postnatal pathway linking greater objective hardship from 
the floods to increased internalising behaviour at 30 months was buffered by maternal mind-
mindedness at 16 months, with only mothers low in appropriate mind-mindedness showing 
evidence of this mechanism.  These results may suggest that the postnatal pathway was buffered 
for mothers high in appropriate mind-mindedness, with this moderating effect appearing to 
operate particularly on the path linking concurrent maternal depressive symptoms to internalising 
problems, where greater severity of maternal depressive symptoms was associated with greater 
child internalising problems only if mothers showed lower appropriate mind-mindedness. 
Accordingly, children of mothers with symptoms of depression following prenatal flood 
exposure may be protected from increased internalising behaviour if their mothers show a 
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tendency to comment accurately on their mental states during interaction, reflecting a greater 
propensity for these mothers to “tune in” to their child’s mind.   
This study was novel for investigating the potential buffering effect of maternal 
caregiving in general, and maternal mind-mindedness in particular, on young children’s 
behavioural problems in the context of prenatal exposure to a natural disaster; however, these 
results are consistent with previous research demonstrating the moderating effects of normal 
variation in maternal caregiving on the association between maternal emotional distress across 
the perinatal and early childhood period and child behaviour (Bouvette-Turcot et al., 2017; 
Endendijk et al., 2017; Grant et al., 2010; Pickles et al., 2017; H. Sharp et al., 2015).  
Appropriate mind-mindedness was not directly associated with child behaviour, consistent with 
the findings of Meins, Centifanti, et al. (2013), suggesting that the benefits of maternal mind-
mindedness for this aspect of child development may not be universal.  Furthermore, appropriate 
mind-mindedness was not significantly associated with maternal depressive symptoms, 
highlighting that not all mothers reporting depression symptoms showed alterations in this 
caregiving quality.  There was also no evidence that children exposed to PNMS to a greater 
extent were more sensitive to the effects of mind-mindedness at the age assessed here, in contrast 
to the hypotheses of ACM and Pluess and Belsky (2011).  It could, however, be argued that this 
study was not set up to test the differential susceptibility hypothesis due to incorporating an 
outcome measure that does not include positive aspects of development. 
While it was beyond the scope of this study to investigate mechanisms for the protective 
influence of maternal mind-mindedness on internalising problems, this maternal quality may 
have exerted its effects in a number of different ways.  More mind-minded parenting may 
enhance mother-infant attachment security (Meins et al., 2001), or may have counteracted the 
negative effects of depressed mood and rumination on the ability of mothers to provide sensitive 
and responsive care to their children (DeJong et al., 2016; Feldman et al., 2009).  Furthermore, 
maternal mind-mindedness has been associated with other positive caregiving constructs, such as 
greater autonomy support (Bernier et al., 2010), more progressive beliefs about parenting and 
children (Jessee et al., 2016), internal parental locus of control (Camberis et al., 2016) and lower 
parenting stress (Camisasca, Procaccia, et al., 2017). 
Additional potential mechanisms may be suggested by considering a developmental 
programming framework.  Particularly in the context of evidence of the programming effects of 
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the rearing environment on the infant’s developing HPA-axis (Gunnar & Hostinar, 2015), it is 
possible that depressive symptoms of mothers lower in appropriate mind-mindedness may be 
associated with increased risk of child internalising behaviour by shaping the development of the 
infant’s stress response through adrenocortical synchrony (Laurent, 2017) or maternal behaviour 
(L. Murray et al., 1996).  With parents adopting an important role as social buffers of the 
developing stress response during infancy (Gunnar & Hostinar, 2015), higher appropriate mind-
mindedness may enable mothers to continue to be effective regulators of their infant’s 
developing stress system despite their own psychological distress.  This hypothesis is consistent 
with a recent study reporting that greater reciprocity in a mother’s relationship with her 6-year-
old child decoupled the synchrony between mother and child measures of diurnal cortisol (Pratt 
et al., 2017), suggesting that maternal behaviour and a positive mother-child relationship may 
reduce the programming influence of the mother’s own HPA-axis on that of her child.   
Relatedly, maternal mind-mindedness may have benefits for children at risk of 
internalising problems by enhancing the development of competencies important to a young 
child’s emerging emotion and behavioural regulation, reflecting a developmental cascade effect 
(Bernier et al., 2017).  For example, maternal mind-mindedness is associated with better child 
emotion recognition and understanding (Centifanti et al., 2016), capacities found to be 
compromised in children with internalising problems (Heinze, Miller, Seifer, Dickstein, & 
Locke, 2015), as well as the children of depressed mothers (Kujawa et al., 2014).  It may also be 
speculated that mothers who make more appropriate infant-directed mind-related comments may 
use more mental state talk in general.  Greater exposure to mental state talk was found to be 
protective for children at risk of internalising problems in a recent study, where older sibling use 
of mental state talk during a play interaction with two-month-old infants buffered the effects of 
familial risk on infant internalising symptoms two years later (Rodrigues, Binnoon-Erez, Prime, 
Perlman, & Jenkins, 2017).  Indeed, there may be multiple mechanisms by which maternal mind-
mindedness may exert benefits for the children of mothers with depression symptoms, and 
elaborating on these is an important direction for future research. 
Maternal mind-mindedness is best predicted by a mother’s general orientation to 
relationships.  Given evidence of a protective influence of appropriate mind-mindedness on 
children’s internalising behavioural problems, any application of this finding to clinical practice 
requires an understanding of what may render a mother more or less mind-minded.  The findings 
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of Chapter 7 revealed that maternal mind-mindedness was not influenced by proximal factors, 
such as stress during pregnancy or concurrent maternal anxiety or depression symptoms, 
supporting its nature as a relatively stable trait.  The background factors with the greatest 
influence on maternal mind-mindedness were those reflecting a mother’s general orientation to 
relationships, namely, her self-reported adult attachment style.   Mothers higher in appropriate 
mind-mindedness were more likely to describe themselves as lower in attachment avoidance and 
higher in attachment anxiety.   
These findings are consistent with the view of maternal mind-mindedness as one of the 
mechanisms by which attachment may be transmitted across generations (Meins et al., 2001).  
Although this study did not directly assess mothers’ own attachment behaviour during childhood, 
individual differences in adult attachment style are thought to arise from early experiences of the 
availability and responsiveness of caregivers (Bartholomew & Horowitz, 1991; Hazan & Shaver, 
1987).  These findings may, therefore, tentatively imply the existence of an intergenerational 
resilience pathway, with a mother’s early experiences with her own parents potentially playing a 
role in shaping the qualities that may assist her to enhance the resilience of her own child 
following the family’s exposure to a natural disaster.  
As hypothesised, mother’s greater maternal attachment avoidance predicted her lower use 
of appropriate mind-related comments during a play interaction with her child, with this possibly 
reflecting a deactivating attachment strategy for these mothers (Bartholomew & Horowitz, 1991; 
Mikulincer & Shaver, 2005), with associated avoidant attentional biases (Chun et al., 2015) and 
reduced mental state focus (Bourne et al., 2014; Meins et al., 2008).  While attachment anxiety 
was not hypothesised to be associated with maternal mind-mindedness, it was unexpected to find 
that greater endorsement of this attachment dimension predicted higher appropriate mind-
mindedness in mothers, which possibly reflects a hyperactivating strategy and enhanced 
vigilance for attachment- and affective-related information (Shaver & Mikulincer, 2002), 
particularly at the generally low levels of attachment anxiety reported by the mothers in this 
sample.   
Study Limitations  
Although limitations specific to each study have been acknowledged within the empirical 
chapters, there are some general limitations that should be considered when interpreting findings.   
Sample size and attrition.  The QF2011 Queensland Flood study sample size was 
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modest, and while this is understandable considering the enormous feat that is represented by the 
establishment of a natural disaster study quickly and without funding, substantial attrition 
occurred between initial recruitment and 16 month follow-up.  The size of the resulting sample 
precluded the use of certain statistical techniques, such as structural equation modelling, which 
would have enabled the proposed models to be tested more comprehensively.  Additionally, 
there was inadequate power to investigate a potential three-way interaction between PNMS, 
maternal mind-mindedness and infant sex, which may be hypothesised based on previous studies 
(Endendijk et al., 2017; H. Sharp et al., 2015).  Nevertheless, the sample size for the studies 
herein is comparable to other studies that have found significant main effects of PNMS on child 
behaviour (Gutteling et al., 2005; Van den Bergh & Marcoen, 2004), as well as the moderation 
of the effects of maternal PNMS or postnatal mood by caregiving for predicting child outcomes 
(Bouvette-Turcot et al., 2017). 
Statistical approaches.  The current study included only two follow-up time-points, and 
child outcome measures used at 16 and 30 months were different, which limited the statistical 
approaches available to address the current research questions.  Future studies using multiple 
measures of internalising and externalising problems will allow the use of more sophisticated 
modelling techniques to examine the unfolding of internalising and externalising problems over 
time, along with transactional models of child and maternal factors.   
Generalisability.  A natural experiment is intended to test theories of development in a 
relatively more controlled manner where ethics may preclude the use of experimental designs; 
however, any generalisation of these results to pathways of risk and resilience following other 
types of PNMS (e.g. domestic violence exposure, diagnosed anxiety disorder), or other types of 
natural disaster for that matter, must be considered tentative at best.  As O'Connor (2003) noted, 
this does not in any way compromise the value and contribution of the natural experiment as a 
research design, but underscores the importance of the current findings being considered 
alongside other approaches, such as an experimental or observational study, in order to validate 
any causal interpretation.  Similarly, and consistent with most prospective developmental 
research (Nielsen et al., 2017), the present study was conducted in a sample of mostly Caucasian, 
relatively well-educated and resourced mothers; therefore, there are limits to which the findings 
in the current study may be generalised to other populations without first replicating these 
models in more socially and ethnically diverse samples.  This is particularly important in light of 
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preliminary evidence that PNMS may operate through different physiological mechanisms 
according to ethnic background (Capron et al., 2018).   
It is also important to highlight that, despite evidence of significant associations and 
pathways between predictors and child outcomes, the overall prevalence of infant and toddler 
behavioural problems, maternal PTS and maternal depressive symptoms was not increased in the 
study sample relative to other community samples, with significant association of flood exposure 
with child outcomes evident within the normal range of scores.  Consequently, rather than these 
results suggesting that flood exposure caused more behavioural problems in children per se, 
these findings may more accurately reflect an altered trajectory whereby exposed children may 
not be developing as well as they might otherwise have, and in the context of other risk 
exposures, this enhanced vulnerability may increase risk for more significant behavioural 
problems over time.   
Nonattuned mind-related comments.  Reliability issues were encountered with the 
coding of nonattuned mind-mindedness that precluded its use in Chapters 5 and 7.  While this 
may reflect the need for further training, it is also possible that these difficulties arose due to the 
nature of the QF2011 sample as relatively advantaged, as similar issues have not been reported in 
studies using more diverse samples (Meins, Fernyhough, et al., 2013).  Replication in more 
diverse or clinical samples may enable investigation of the role of this dimension of mind-
mindedness in the pathways predicting child outcomes following prenatal exposure to a natural 
disaster, along with testing multivariate models of its maternal predictors. 
Future Research Directions 
Cascades and longitudinal designs.  Researchers are divided concerning the durability 
of the effects of early environmental exposures for outcomes over the life-course (Roisman & 
Fraley, 2013).  There is support for a cascade view of development, where the enduring effect of 
early experience on later outcomes is considered to be of less importance than the influence these 
experiences have on emerging developmental capacities, which, in turn, may predict longer-term 
functioning (Cox et al., 2010).  This has been particularly noted in the maternal mind-
mindedness literature, where mind-minded parenting appears to predict better child outcomes 
indirectly by influencing early childhood competencies and the developmental precursors of later 
desirable outcomes (Bernier et al., 2017; Centifanti et al., 2016; McMahon & Bernier, 2017).   
In relation to the current findings, and considering that low social-emotional competence 
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is a risk factor for internalising behaviour problems (Bornstein et al., 2010), it would be 
informative to investigate the role of early competence in the development of internalising 
problems following prenatal flood exposure, and the role of maternal mind-mindedness in this 
developmental pathway.  Additionally, and as previously noted, it will be important to continue 
to follow up the development of children exposed to a prenatal natural disaster over time, 
considering evidence that the manifestation of fetal programming effects may emerge or increase 
over development for some domains (Robinson et al., 2008). In line with the hypotheses of the 
Adaptive Calibration Model (ACM; Del Giudice et al., 2011), it would be informative to 
examine the relative influence of prenatal, postnatal and concurrent environmental exposures at 
other periods of heightened developmental plasticity, such as puberty.  While no evidence of 
differential susceptibility to the environment due to prenatal exposure was identified in the 
current study, it is possible that evidence of the prenatal programming of enhanced plasticity 
may emerge later in development. 
Other postnatal influences.  The present study focused on concurrent maternal 
depressive symptoms as postnatal environmental influence and mediator, based on evidence of 
its association with exposure to a prenatal natural disaster (Brock et al., 2015),and its impact on 
maternal caregiving (Feldman et al., 2009; Giallo et al., 2014).  Maternal postnatal stress has also 
been demonstrated to show predictive and concurrent associations with internalising and 
externalising behavioural problems in young children (Bayer et al., 2012), and although it may 
be hypothesised that this aspect of maternal concurrent mood would also be associated with 
objective hardship from the floods, limited sample size and concerns about multicollinearity 
precluded its inclusion in the current study.   Future studies may also incorporate measures of 
maternal stress for determining whether this may reflect a mediator of the effects of PNMS on 
child outcomes, and also to investigate its relationship with maternal mind-mindedness, both as a 
predictor and for the relationship of these influences for predicting child outcomes. 
Another important postnatal environmental influence on child development is paternal 
mental health and caregiving behaviour (Bureau et al., 2017; Möller, Nikolić, Majdandžić, & 
Bögels, 2016; Ramchandani et al., 2013; Rinaldi & Howe, 2012).  Paternal caregiving behaviour 
may moderate of the impact of elevated maternal depressive symptoms on the family 
environment (Vakrat, Apter-Levy, & Feldman, 2017).   Furthermore, a recent meta-analysis 
concluded that paternal caregiving behaviour may be more important than maternal behaviour 
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for predicting childhood anxiety and its precursors (Möller et al., 2016).  The QF2011 Study 
collected only limited information on fathers, which did not include information about paternal 
prenatal or postnatal mental health, or father-child interaction.  Future studies would benefit from 
considering paternal influences as potential confounds or moderators, with inclusion of father 
also may also provide a more genetically-sensitive design for testing prenatal programming 
effects (O'Donnell & Meaney, 2017; Van Batenburg-Eddes et al., 2013)  
Physiological and psychological mechanisms.  The present thesis investigated the 
association of conditions of in the prenatal and postnatal environment with early childhood 
behavioural outcomes as reported by mothers.  As no direct assessment of the fetal or infant 
stress response was included, we can only speculate based on previous research concerning the 
physiological mechanisms that may underlie these pathways.  Further research is needed to test 
models of the physiological mediators, including measures of stress reactivity, such as cortisol 
(Grant et al., 2009; Yong Ping et al., 2015) or respiratory sinus arrhythmia (Gray, Jones, Theall, 
Glackin, & Drury, 2017).  Similarly, the mechanisms by which maternal appropriate mind-
mindedness may exert a buffering effect for child internalising behaviour following flood 
exposure also warrants attention.  As well as the possible psychological mediators already 
discussed, the potential decoupling influence of maternal mind-mindedness on the adrenocortical 
synchrony of mothers with depression and their infants would also be informative to consider as 
a potential mechanism, following the findings of Pratt et al. (2017) in relation to mother-child 
reciprocity.  Improving understanding of the mechanisms by which maternal mind-mindedness 
may exert its beneficial effects will inform theory concerning the active ingredients of this 
construct, as well as extending knowledge concerning the families who may benefit most from 
intervention in this area. 
Genetic moderators of developmental processes.  Although objective hardship from a 
natural disaster may be considered to be an independent stressor that typically affects individuals 
in a quasi-random manner, regardless of their mental health history, the influence of genetic 
factors on the association between maternal subjective response and child outcomes cannot be 
ruled out.  For example, there may be genetic processes underlying the likelihood of developing 
PTS symptoms in response to a severe stressor, and this vulnerability may be inherited (Mehta & 
Binder, 2012). Just as genetic factors may predict a mother’s susceptibility to PTS, so too may 
genetic factors predict a child’s susceptibility to the adverse effects of PNMS.  Emerging 
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evidence has demonstrated that the extent to which PNMS may influence behavioural outcomes 
may depend on certain genetic factors, such as certain polymorphisms of the COMT gene 
(O'Donnell et al., 2017) and variation on the brain-derived neurotrophic factor (BDNF) gene 
(O'Donnell, Glover, Holbrook, & O'Connor, 2014).  No published studies have investigated 
genetic moderation of the effects of PNMS arising from a natural disaster on child behaviour; 
hence, future studies may investigate the extent to which these models may be conditional on 
child genotype. 
Relationships between predictors of maternal mind-mindedness.  Chapter 5 found 
that maternal appropriate mind-mindedness showed a buffering effect for children whose 
mothers reported increased depression symptoms following exposure to a natural disaster.  
Considering these findings alongside those of Chapter 7, it may be speculated that mothers with 
elevated depression may be less likely to demonstrate appropriate mind-mindedness if they hold 
a more avoidant attachment style.  While this hypothesis remains to be formally tested, previous 
research has demonstrated that the effect of maternal depressive symptoms on caregiving 
behaviour is buffered by maternal secure attachment (Flykt et al., 2010), with attachment-related 
caregiving differences more evident under conditions of increased depressive symptoms (Adam, 
Gunnar, & Tanaka, 2004).  Additionally, the biobehavioural model proposed by Luyten and 
Fonagy (2015) provides a framework for testing the relationship between attachment, arousal 
and mind-mindedness, which would greatly enhance understanding of the conditions that may 
impact on a mother’s proclivity to “tune in” to her child’s mind . 
Improving maternal mind-mindedness.  While there is promising preliminary evidence 
that maternal mind-mindedness may be improved by a brief intervention (Schacht et al., 2017), 
there exists a need for further research to develop interventions to address this component of 
caregiving.  In light of the findings of Chapter 7 that lower maternal appropriate mind-
mindedness may be best predicted by a mother’s attachment style, particularly attachment 
avoidance, the possibility that this caregiving quality may also be enhanced by addressing this 
maternal predictor is worth exploring.  There is evidence that attachment avoidance may be 
reduced by improving the quality of the couple relationship (Slotter & Luchies, 2014; Stanton, 
Campbell, & Pink, 2017), and it would be interesting to test whether this may translate to 
improved maternal mind-mindedness.  Although it is not possible to be confident in the 
directionality of the association between maternal attachment and mind-mindedness in this study, 
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testing these hypotheses may illuminate additional options for intervention, consistent with a 
multi-pronged approach. 
Clinical Implications 
The present findings have implications for the support of pregnant women exposed to a 
natural disaster during pregnancy.  In particular, the developmental pathways identified in this 
thesis highlight multiple points of entry and targets for intervention to improve the 
developmental outcomes of children following a natural disaster in utero. 
Provide prenatal screening and support to mothers who experience a natural disaster 
during pregnancy.  The findings of Chapters 2 and 5 suggest that screening and supporting 
mothers who have experienced a natural disaster during pregnancy is an important initial step for 
minimising prenatal risk to the fetus, as well as potentially preventing a postnatal pathway of 
maternal psychological symptoms that may endure years beyond the event.  Increasing maternal 
mindfulness (van den Heuvel, Johannes, Henrichs, & Van den Bergh, 2015) and maternal self-
efficacy (Bolten et al., 2012), reducing maternal avoidant coping and improving social support 
(Zhu et al., 2015), and improving the quality of the couple relationship (Feinberg, Jones, 
Roettger, Solmeyer, & Hostetler, 2014) have all been found to buffer the effects of PNMS on 
child outcomes, providing numerous potential targets for intervention.  Furthermore, in a 
subsample of mothers from the QF2011 study cohort, midwifery care with a consistent care 
provider was found to moderate the effects of objective hardship on maternal risk of postnatal 
depression at 6 months, which may reflect the stress buffering role of social support in this 
context (Kildea et al., 2017).  While a variety of modalities show promise for reducing the stress 
and distress of pregnant women, recent systematic reviews have underscored the need for more 
research in this area (Dhillon, Sparkes, & Duarte, 2017; Evans, Morrell, & Spiby, 2017; 
Marchesi et al., 2016). 
Postnatal strategies for reducing the impact of prenatal exposure to a natural disaster. 
Evidence of a postnatal pathway increasing child risk for behavioural problems through a 
combination of increased maternal depressive symptoms and lower appropriate mind-
mindedness illuminates additional opportunities for intervention following the birth of the child.  
One approach may be to target and address symptoms of maternal depressive symptoms in the 
postnatal and early childhood period by providing monitoring and intervention, where necessary, 
to mothers who have experienced a severe stressor during pregnancy (Molyneaux, Trevillion, & 
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Howard, 2015).  Alternatively, intervention may seek to promote child development in areas that 
may be impacted by the prenatal effects of a severe stressor.  Based on the findings of Chapter 2, 
this may include psychoeducation or early intervention with mother-infant dyads designed to 
enhance early social-emotional development.  Thirdly, given evidence that maternal appropriate 
mind-mindedness may have a buffering effect for some children following prenatal exposure to a 
natural disaster, intervention may focus directly on enhancing this quality in affected mothers, 
particularly where there is evidence of attachment avoidance or increased depression symptoms.  
However, and as noted, there is a real need for more research in this area, despite promising 
preliminary findings (Schacht et al., 2017).  
The importance of universal approaches for improving child outcomes following 
exposure to a natural disaster during pregnancy.   Another important clinical implication that 
arises from the findings of this thesis relates to the promotion of maternal mind-mindedness as a 
positive programming influence for child development.  Low levels of this quality are most 
strongly predicted by attachment avoidance, as opposed to maternal depressive or anxiety 
symptoms.  With individuals higher on attachment avoidance less likely to seek help for 
psychological or interpersonal difficulties (Shaffer et al., 2006), it becomes unlikely that mothers 
low in maternal mind-mindedness will voluntarily come to the attention of health professionals.  
It is, therefore, of practical importance for researchers to consider how to best reach these 
mothers who are unlikely to self-refer for difficulties with either their own mental health or 
mother-infant interaction.  For example, considering public health or universal intervention 
approaches that may be delivered by midwifery staff or general practitioners may represent a 
practical and effective approach for promoting maternal mind-mindedness, and potentially 
enhancing child developmental trajectories in the aftermath of a natural disaster.   
Conclusion 
The present thesis commenced with a reflection on the complexities inherent in the study 
of the etiology of child behavioural problems, along with the particular importance of the quality 
of the early environment for the developing brain. This thesis has contributed to the 
developmental psychopathology literature by offering a natural experiment design to disentangle 
the prenatal and postnatal processes influencing child development following the experience of a 
sudden-onset, independent stressor: a natural disaster.   Evidence emerged for possible fetal and 
postnatal programming pathways, as well as a potential intergenerational influence on risk and 
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resilience processes, reflecting a multitude of interrelated environmental influences that may 
shape the behaviour of young children following flood exposure during pregnancy.  Greater 
maternal objective hardship and subjective distress arising from the floods was associated with 
worse infant and toddler social-emotional and behavioural outcomes, with children with greater 
prenatal exposure found to be developing “less well” than they otherwise may have, potentially 
initiating cascades of development from a less favourable position due to this early 
environmental exposure. Nevertheless, there was evidence of a protective influence of maternal 
caregiving, maternal mind-mindedness, particularly for children where maternal subjective 
distress following the floods was enduring.  There was also evidence that a mother’s mind-
mindedness was best predicted by her attachment style, suggesting an intergenerational pathway 
whereby optimal parent-child relationship experiences in one generation may contribute to 
resilience despite early adversity in the next. The findings presented here offer direction to 
clinicians supporting mothers who experience a natural disaster during gestation, and there are a 
number of promising approaches for providing support over the entire first thousand days of 
development.  Evidence of multiple developmental pathways following prenatal flood exposure 
underscores the importance of a multi-pronged approach, with multiple levels of intervention 
enhancing reach to the mother-infant dyads that may benefit most.  As well as focusing on relief 
of maternal emotional symptoms across the prenatal and postnatal periods, this may also include 
targeted or universal strategies for enhancing maternal mind-mindedness.  Developing and 
testing novel approaches to this end reflects an important and exciting area for further 
investigation. 
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